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Whatever your next innovative idea is, 
we'll help you design it. 

Near Field Communication. Share music with a friend wirelessly. Download 
the bus schedule from a street sign. Buy a soda with your cell phone. Change the 
way information and services are distributed, and are accessed and paid for by 
the connected consumer. How? With Near Field Communication — a wireless 
connectivity technology that enables convenient short-range communication 
between electronic devices; providing ease of use, instant connectivity, zero 
configuration and smart key access for the consumer. Delivering a world where 
everyone can connect to information, entertainment and services safely and 
securely — anytime, anywhere. As a market leader in contactless chip technology 
and a founding member of the NFC forum. Philips Semiconductors is prepared 
to be your partner in designing what's next. 

www.philips.com/nfc 
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IS YOUR ORing THIS ACTIVE? 



130ns typ turn off delay, FETcheck diagnostic, 50% space reduction 




Reference 
Designs 
Available 



IRDC5001-LS370W Reference Design Kit 
for -48V Active ORing 



IR5001S SPECIFICATIONS 




Part 
Number 


Input 
Voltage 
(INNJNP) 


Bias 
Voltage 


Offset 
Voltage 


FETTurn-Off 
Delay Time 


FET Turn-off 
Time 


Turn-off 
Gate Drive 
Current 


Operating 
Tj Range 


Diagnostic 
Feature 


IR5001S 


lOOVmax 
(continuous) 


36V -75V 
(lOOVmax) 
or 12Vreg 


-7.9mVmin 
to OVmax* 


130ns 
typical 


20ns 
typical 


3A 
Peak 


-40 to 
125°C 


FETcheck 
available 



* 100% tested and guaranteed over full temperature range 

ACTIVE ORing DirectFET™ SELECTOR GUIDE 



Part 
Number 


Voltage 


Package 1 


Rosionimax. 1 
@10Vgs I 


Recommended Power Level 
for -48V System 


IRF6644 


lOOV 


M-Can DirectFET 


13mQ 


180W to 370W 


IRF6662 


lOOV 


M-Can DirectFET 


22mQ 


lOOW to 200W 


IRF6645 


lOOV 


S-Can DirectFET 


35mQ 


70Wto HOW 


IRF6655 


lOOV 


S-Can DirectFET 


62mQ 


40W to SOW 



Our new universal high-speed Active ORing Control 
IC and 100V DirectFET MOSFETs combine to 
provide an ideal chip set solution for systems 
requiring redundant power delivery. This solution 
enables very fast protection from input power 
source failures, fault diagnostics for improved 
system up-time and reduced size and power loss 
for a simple compact design. 

FEATURES 

• 85% power loss reduction vs. diode ORing 

• 130ns typical turn-off delay time, 
20ns typical FET turn-off time 

• 50% reduced space versus diode 
ORing solutions 

• FETcheck diagnostic for switch fault 
detection increases system up-time 

• Ideally suited for reverse battery protection 



IR's proprietary DirectFET technology is covered by US Patent 6,624,522 and other US and 
foreign pending patent applications. DirectFET is a trademark of International Rectifier. 



for more information call 1 .800.981 .8699 or visit us at 

www.irf.com/dcdc 
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l©R Rectifier 

THE POWER MANAGEMENT UADER 




Don't let poor performance spoil your designs. With high perfornnance AVR® microcontrollers you cai^ 
create applications with no worries about the microcontrollers performance. AVR Flash microcontrollers 
operate with clock rates up to 20 MHz, achieving close to 20 MIPS. With 32 general purpose registers, the 
AVR delivers unmatched performance and flexibility while reducing power consumption to a minimum. 



lun^^^^ 



Learn more and try to unmask the Super AVR at www.atmel.com/ad/superAVR 
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product names may be trademarks of others. 



fhel®, AVR®, logol 



Everywhere You Are® 



Multiple Communications Standards 

One Test Platform 






Test Current and Emerging RF Technologies 
with a Software-Defined Architecture 

Keeping stride with new RF and wireless standards requires flexible, 
modular hardware that you can reconfigure and completely define 
through software. 

National Instruments LabVIEWand LabWindows/CVI software, coupled 
with the industry-standard modular PXI platform, offers the latest in RF 
measurement technology for your current and future needs. 

• 9 kHz to 6.6 GHz frequency range with 20 MHz real-time bandwidth 

• 200 MS/s IF generation and analysis 

• Onboard digital upconversion- and downconversion-enabled signal processing 

• More than 100 MB/s data throughput for real-time analysis 

• Generation and analysis for any standard or custom digital communication system 

From DC to RF, Nl modular instruments power measurements from 
prototype to production. 




Choose from a complete set of Nl modular instruments. 



Digitizers/Oscilloscopes 


Up to 24 bits, 250 MS/s 


Signal Generators 


Up to 16 bits, 200 MS/s 


High-Speed Digital I/O 


Up to 400 Mb/s 


RF 


Up to 6.6 GHz, 20 MHz RTB 


Digital Multimeters 


Up to 7)^ digits, LCR, 1000 V 


Programmable Power Supplies 


Up to 20 W, 16 bits 


Audio Analyzers 


Up to 24 bits, 500 kS/s 


Switches 


Multiplexers, matrices, RF, relays 


Multifunction I/O 


Analog I/O, digital I/O, counters 




For white papers and solution datasheets on how a 
software-defined architecture benefits applications 
such as GSM, Bluetooth, and RFID, visit ni.com/rf. 



(800) 891 8841 



© 2006 National Instruments Corporation. All rights reserved. CVI, LabVIEW, National Instruments, Nl, and ni.com are trademarks of National Instruments. 
Other company names listed are trademarks or trade names of their respective companies. 2006-6714-101-D 
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EDhfs 2005 
INNOVATION 
AWARDS WINNERS: 
The envelope, please! 

Each year, EDM's Inno- 
vation Awards honor 
V*^ outstanding engi- 
neering professionals and 
products. This year was no 
different. The ballots are in, your 
peers have spoken, and the 
winners have been revealed. Check 
out this year's cream of the crop. 



Simple networks 
will free many sensors 
from wires 

A ^'^'^ ^ suitable protocol, 
X I I Isuch as ZigBee, sen- 

I \^ sors that don't have a 
lot to say or hear needn't consume 
much energy to keep in touch. 
Sometimes, an alkaline cell can 
provide all the power they need for 
as long as a decade. 

by Dan Strassberg 
Contributing Tectinical Editor 

Power-management 
techniques for multi- 
media mobile phones 

Asia and other markets 
are racing to launch 
digital TV and streaming 
video and music in handheld for- 
mats. These technologies bring 
benefits, but designers still face 
the constraints of incorporating 
multimediafunctions in small form 
factors in the face of increasing 
battery life. by Crystal Lam, 

On Semiconductor 
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Flatten DAC frequency 
response 

Equalizing techniques 
rN can cope with the non- 
V-^ flat frequency response 
of a DAC. by Ken Yang, 

Maxim Integrated Products 

Easing the modeling 
of lossy lines 

r^^^ Simple measurements 
/ v*>) and straightforward 

I V-^ techniques not only can 
often obviate the need for expen- 
sive simulation tools, but also can 
provide a more intuitive feel for 
network behavior. 

by Wolfgang Maichen, PtiD, 
Teradyne Inc 

Multiprocessor arch- 
itectures tackle tough 
processing demands 

Op"^''^'^^ power and 
performance with a 
v-^ V-y multiprocessor SOC 
approach, by Barton Sano andAnu 
Sundaresan, Broadcom Corp 
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CPLD automatically powers itself off 

Amplifier removes common-mode noise on RGB differential-video-transmission line 
Use a switching-regulator controller to generate fast pulses 
Shift registers and resistors deliver multiphase sine waves 
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Apples and Oranges Working Together... 
That's the Power of Windows Embedded 




The developers at Fujitsu know that the hundreds of 
peripheral drivers included in the Windows CE 
operating system provide the solutions they need 
to easily integrate nnultiple device functions. 

Needing to incorporate drivers for an infrared 
receiver, 802. llg WiFi card, and touch screen, the 
Fujitsu U-Scan Shopper development team chose 
Windows CE. Because Windows CE offers familiar. 



yet easily customized components 
and tools, they were able to develop 
the device in only five months. With the power of 
Windows CE, the Fujitsu U-Scan Shopper offers 
users coupons on demand, infrared scanners 
for product promotions, and in-store order 
placement, all from the convenience of the 
produce section, or wherever your shopping 
cart takes you. 



''We considered Linux, but couldn't tiave actiieved ttie same resuits, so we ctiose tlie 

Windows CE operating Systein.'' — VERNON slack / store solutions / Fujitsu Transaction Solutions 

The Power to Build Great Devices — get it with Windows CE, Windows XP Embedded, or Windows 
Embedded for Point of Service. 



...---> 



.\ear 



aaecl.com/sbopP-9 



i^Windows Embedded 



© 2006 Microsoft Corporation. All rights reserved. Microsoft, Windows, and the Windows logo are either registered tradennarks or trademarks of Microsoft Corporation 
in the United States and/or other countries. The names of actual companies and products mentioned herein may be the trademarks of their respective owners. 
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HIGHER YIELDS, BABY 

THEY'RE BORN OF AN IC DESIGN FLOW THAT DOES MORE THAN DRC & OPC 



Process effects at 90 nanometers and below have spawned a whole new 
set of design challenges, and relying on design rules and post-layout RET 
techniques such as OPC just isn't enough. You need a chip design system that 
accounts for manufacturability, yield and variability problems throughout the flow. 
And that's what Magma provides. Blast Create™, Blast Fusion® and Blast Yield™ 
integrate yield-aware synthesis, placement and routing so you can concurrently 
address timing, area, power, signal integrity, manufacturability and variability issues. 
Not only will you find yield improved, but delivery of your designs will be faster and 
your development costs will be lower. 



For more on how Magma lets you get the most out of your chips and higher 
yields, visit www.magma-da.com/4YIeld. Find out why the world's top chip 
companies rely on Magma software to design their most critical ICs. 



MAGMA 



2005 Magma Design Automation, Inc. All rights reserved. Blast Fusion, Magma and the Magma logo are registered trademarks and Blast Create and Blast Yield are trademarks of Magma Design Automation, Inc. 
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DESIGN idea 



Auxiliary Power Extends PoE Applications 

by Joseph DeNicholas, Principal Circuit Design Engineer 



Power-over-Ethernet 
(PoE) has found utiUty in 
hundreds of applications 
from Voice over Internet 
Protocol (VoIP) telephony and 
wireless routers to security 
equipment. Many PoE applica- 
tions employ auxiliary power 
sources, typically an AC "wall 
wart" power supply at the 
Powered Device (PD) or an 
Uninterruptible Power Supply 
(UPS) at the Power Sourcing 
Equipment (PSE). Integrating 
auxiliary power can be a 
challenging design task and the 
PoE designer must understand 
the various methods and 
inherent tradeoffs that exist 
with each. 

Three configurations are commonly used to add auxiliary 
power to PoE systems, and the possible combinations are 
to multiplex auxiliary power with PoE power (1) through 
the PD s front end hot-swap section, (2) directly to the 
input of the PD power supply controller, and (3) directly 
to the PD power supply's isolated output voltage. 

In the first case, power is multiplexed into the PD s front 
end and delivered through the hot swap section. This is 
sometimes referred to as "front aux", and is illustrated in 
Figure L 

Front aux has the advantage of hot swap protection, 
as power is delivered through the PD's PoE interface 
controller. If the front aux potential is lower than normal 
PoE levels, the first power source applied will deliver power 




Figure 1. Front Auxiliary Power Supply 



indefinitely. This occurs because insertion of aux before 
PoE eliminates the ability of the PSE to detect the PD sig- 
nature resistance; this will be the case whenever front aux 
is implemented. However, if PoE is supplied first, the lower 
potential aux supply will be blocked by the reverse biased 
aux power diode. One additional drawback to low voltage 
front aux is the potential for power draw limiting. This can 
occur when the hot swap current limit function restricts 
the current drawn from the aux supply. 

If the front aux potential is comparable or higher than PoE, 
it further complicates the situation as the two supplies may 
share the PD load proportional to their regulation voltages 
and inversely proportional to their output impedances. 
Another serious complication exists when a higher 
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Featured Products 



Power-over-Ethernet PD Controller With 
Auxiliary Power Interface 

The LM5071 power interface port and Pulse Width Modulation 
(PWM) controller provides a complete integrated solution for 
Powered Devices (PD) that connect into Power-over-Ethernet 
(PoE) systems. The LM5071 is specifically designed for the PD 
that must accept power from auxiliary sources such as AC 
adapters. The auxiliary power interface of the LM5071 acti- 
vates the PWM controller when the AC adapter is connected to 
power the PD when PoE network power is unavailable. The 
LM5071 integrates an 80V, 400 mA line connection switch and 
associated control for a fully IEEE 802. 3af compliant interface 
with a full featured current mode pulse width modulator DC-DC 
converter. All power sequencing requirements between the 
controller interface and Switch Mode Power Supply (SMPS) 
are integrated into the IC. 




Features 

■ Compatible with 12V AC adapters 

■ Fully Compliant 802.3af power interface port 

■ 80V, 1 a 400 mA internal MOSFET 

■ Detection resistor disconnect function 

■ Programmable classification current 

■ Current mode pulse width modulator 

■ Supports both isolated and non-isolated applications 

The LM5071 is ideal for use in devices powered by a PoE 
network including VoIP phones, security cameras, and wireless 
local area network (WLAN) nodes connected through Ethernet 
networking cables and ports. This device is housed in a tiny 
TSSOP-1 6 package. 

For FREE samples, datasheets, and more, visit 
www.natioiial.com/pf/LM/LM5071.html 




Single-Chip Power-over-Ethernet Device for 
Higher-Power PoE Applications 

The LM5072 Powered Device (PD) interface and Pulse-Width- 
Modulation (PWM) controller provides a connplete power 
solution, fully compliant to IEEE 802. 3af, for the PD connecting 
into the Power-over-Ethernet (PoE) system. This controller inte- 
grates all functions necessary to simplify the implementation 
of both the PD power interface and the DC-DC converter with 
a minimum number of external components. The device 
includes an easy-to-use PWM controller that facilitates the 
implementation of single-ended power supply topologies 
including the flyback, forward, and buck. The LM5072 provides 
design flexibility by allowing the PD to also accept power from 
auxiliary sources such as AC adapters and solar panels, in a 
variety of configurations. The low R^^q^ PD interface hot swap 
MOSFET and programmable DC current limit extend the range 
of LM5072 applications up to twice the power level of 802.3af 
compliant PD devices. 

Features 

■ Fully compliant IEEE 802. 3af PD power interface 

■ Versatile auxiliary power options 

■ GV Minimum auxiliary power operating range 

■ 100V Maximum input voltage rating 

■ Programmable DC current limit 

■ Integrated PoE input UVLQ and detection resistor 

■ Current mode PWM controller 

■ 100V Start-up regulator 

■ Supports isolated and non-isolated applications 

Applications for the LM5072 include VoIP phones, remote 
security cameras, card readers, wireless access points, 
computer telephony, powered devices in PoE systems, and 48V 
telecom power supply controls. It is available in an exposed 
pad TSSOP-1 6 package. 

For FREE samples, datasheets, and more, visit 
www.national.com/pf/LM/LIVI5072.html 
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Auxiliary Power Extends PoE Applications 



potential aux source is applied because it presents a new 
hot swap condition to the controller. The sudden increase 
in the input voltage of the PD controller may force the hot 
swap transistor into current limit as the MOSFET charges 
the input capacitor of the power supply. This will momen- 
tarily negate the system's input "Power Good" status which 
must be filtered in order to maintain continuous power 
delivery. The hot-swap controller should have its current 
limit set well in excess of the DC current being delivered 
to the load. If the DC current limit is set too low, there will 
be insufficient surplus current in the hot-swap controller 
to charge the load capacitors before an error occurs. 

Power disconnection must also be carefully considered. 
If PoE power is not present, which is the case if front aux 
power was applied first, power delivery will not be 
maintained when aux power is removed because the 
module capacitors must completely discharge before the 
PSE will be able to detect a valid signature and reapply 
power. Continuity of power is guaranteed if front aux is 
present and PoE power is removed at any time. 




Figure 2. Rear Auxiliary Power Supply 



Application of front aux power can be a difficult and 
confusing proposition. Many of the complications are 
alleviated if auxiliary power is supplied directly to the 
power supply section of the module (sometimes referred to 
as rear aux), as shown in Figure 2. 



Rear aux will also be dominant if it is applied to the module 
first as it reverse biases the input diode bridges preventing 
the PSE from detecting a valid signature. Depending on the 
PD controller IC selected, the user may have the option of 
disabling the PoE interface upon application of the rear aux 
supply. When PoE power is disabled while aux power is 
available, the configuration is referred to as "aux 
dominant". The aux-dominant mode disables the hot-swap 
controllers power MOSFET switch, thereby preventing 
PoE power delivery. If DC Maintain Power Signature 
detection is performed by the PSE, as outlined in the IEEE 
802.3 standard, the PSE will remove PoE power as it will 
consider the PD to be disconnected. This is a major advan- 
tage of the rear aux method because it offloads the PSE 
supply thus allowing power to be reallocated to other ports. 

If the rear aux method is configured for non-dominance and 
PoE power is applied first, then the airx supply will not 
deliver power until PoE power is removed. Just as in the 
front aux case, power delivery to the load will be maintained 
in dominant or non-dominant mode so long as the rear aux 
supply is present. If aux power is 
removed and PoE power is not 
enabled (because of aux dominance 
or aux being applied first), 
continuity of power delivery will not 
be maintained. 

The final option, where auxiliary 
power is OR'd directly to the output 
of the PD power supply, is a simple 
solution but offers few advantages. It 
requires an aux power supply that is 
designed to deliver the current and 
regulated voltages required by the 
PD load. In addition, this configura- 
tion usually requires additional 
components and some duplication of 
functions, possibly even a second 
isolated switching regulator or 
a linear post regulator. 

The addition of auxiliary power to 
PoE-powered devices can be a 

complex and daunting task. Only by 

understanding the costs, benefits, 
and constraints of each configuration can the designer of 
PoE-enabled equipment select the appropriate scheme and 
deliver the desired system performance. ■ 

For more information on power supply design for PoE 
applications, read Power Designer #104 at 
power.national.com/designer 
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DP83848 PHYTER 10/100 Single-Port Physical 
Layer Device 

The PHYTER® family of transceivers addresses the quality, 
reliability and cost requirements of embedded developers 
networking their devices for the home, industrial, and environ- 
ments requiring an extreme temperature range. In addition to 
key features such as IEEE 802. 3u specification compliance, 
UNH interoperability certification, Auto-MDIX up to 1 50 meters 
of cable reach, and superior ESD protection (4.0 kV) National's 
DP83848 incorporates a number of system cost-reducing 
features not found on other suppliers' physical layer products 
(PHYs). For exam- 
ple, the DP83848 
incorporates a 
25 MHz clock-out 
that eliminates the 
need, and hence 
space and cost, of 
an additional 
media access con- 
trol (MAC) clock 
source component. 

Features 

■ IEEE 802.3U compliance 
- Guaranteed by Test 

■ UNH compliant 

■ Lowest latency for real-time operation 

■ Integrity utility for system monitoring and maintenance 

■ 4 kV ESD protection (HBM) 

■ 25 MHz clock output 

■ Low power <270 mW 

■ Auto-MDIX 

■ Selectable MII/RMII interface 

The DP83848 PHYTER is offered in tiny LQFP-48 packaging, and 
is ideal for embedded computers, high-end peripherals, 
industrial controls, building/factory automation, transportation, 
test equipment, and wireless basestations. 

For FREE samples, datasheets, and more, visit 
www.natioiial.com/pf/DP/DP83848C.litml 




Integrated Power-over-Ethernet PD Interface 
and PWM Controller 




The LM5070 power 
interface port and Pulse 
Width Modulation 
(PWM) controller pro- 
vides a complete 
integrated solution for 
Powered Devices (PD) 
that connect into 
Power-over-Ethernet 
(PoE) systems. The LM5070 integrates an 80V, 400 mA line 
connection switch and associated control for a fully 
IEEE 802.3af compliant interface with a full featured current 
mode pulse width modulator DC-DC converter. All power 
sequencing requirements between the controller interface and 
Switch Mode Power Supply (SMPS) are integrated into the IC. 
Two options are available providing either an 80% maximum 
duty cycle limit with slope compensation (on the -80 suffix) 
device or a 50% maximum duty cycle limit and no slope 
compensation on the (-50 suffix) device. 

Features 

■ Fully-compliant 802.3af power interface port 

■ 80V, 1 Q, 400 mA intemal MOSFET 

■ Programmable inrush current limit 

■ Detection resistor disconnect function 

■ Programmable classification current 

■ Programmable under-voltage lockout with programmable 
hysteresis 

■ Thermal shutdown protection 

■ Current mode pulse width modulator 

■ Supports both isolated and non-isolated applications 

■ Error amplifier and reference for non-isolated applications 
The LM5070 is available in TSSOP-16 and LLP-16 packaging 
and is ideal for use in PoE network-powered devices such as IP 
phones, security cameras, Wireless Local Area Network 
(WLAN) nodes and even musical instruments through Ethernet 
networking cables and ports. 

For FREE samples, datasheets, and more, visit 
www.national.com/pf/LIVI/LM5070.html 
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Extreme constraints? Maybe an 
ASIC isn't the rig lit move 

Design decisions: Handlield cliess re- 
corder takes a different patli to integration. 
www.edn.com/article/CA63 1 7 1 07 

Anchor Bay navigates 
ASIC-conversion route 




makes for smootli sailing from FPGA 
implementation to high-volume ASIC. 
www.edn.com/article/CA631 6738 

SOI emerges as bulk-CMOS alternative 

For CMOS logic, SOI (silicon-on-insulator) 
technology offers significant advantages 
over bulk silicon at the same geometry. 
www.edn.com/article/CA631 6963 



Design decisions: Intelligent planning 



A selection of recent articles receiving high traffic on www.edn.com. 




A NOTE ABOUT PDFs 

Since 1998, we've been making PDF 
versions of every magazine article 
available at www.edn.com, and you've 
told us that this feature is one of your 
favorites on our site. We recently 
changed the way we provide those 
PDFs. In new articles, simply clicking 
on "Printer-friendly version / PDF" at 
the top or bottom of the article takes 
you to a PDF version that looks just 
like the magazine page, complete with 
a toolbar for zooming, downloading, 
and printing. 




Subpar wars: High-resolution-disc formats 
fight each other, consumers push back 

With blue-laser competitors Blu-ray and 
HD DVD both gearing up for high-volume 
production, a clear picture of the format 
winner hasn't yet emerged. 

www.edn.com/article/CA63091 08 

The square root of the sum of the squares 

If you have to generate an analog voltage 
proportional to the module of a vector 
whose components are also available in 
analog form, you can adopt a classic solu- 
tion involving the use of analog multipliers. 
www.edn.com/article/CA63 1 2 1 02 

Design Idea: Op amp can source 
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Bipolar current source beats familiar 
Howland-current pump. 

www.edn.com/article/CA63091 10 

Virtual-current mode: current-mode 
control without the noise 

This new dc/dc-switching-regulator-design 



approach combines the best features of 
current- and voltage-mode control. 

www.edn.com/article/CA6305355 j 
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Stanley's Law: IC design 
follows pc-board design 

An old friend made a brilliant observation: 
"Everything that happens in IC design, hap- 
pened in pc-board design many years ago." 
www.edn.com/article/CA63091 15 
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ZigBee transceiver 

www.edn.com/article/CA6255968 
Thinking inside the box: Buildings 
get a brain 

www.edn.com/article/CA624945 



POWER-MANAGEMENT 
TECHNIOUES FOR MULTIMEDIA 
MOBILE PHONES (pg 55): 
RF-interference-design considerations 



to this issue's contents. 

for portable-device batteries 

www.edn.com/article/CA63091 17 
Low-power FPGAs target portable 
market 

www.edn.com/article/CA6281 905 



EASING THE MODELING 
OF LOSSY LINES (pg 79): 
What you lose from a lossy line 

^ www.edn.com/article/CA379881 
Modeling gigabit backplanes from 
measurements 

www.edn.com/article/CA509596 
Signal-integrity modeling of gigabit 
backplanes, cables, and connectors 
using TDR 

www.edn.com/article/CA231 568 
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BY MAURY WRIGHT, EDITOR IN CHIEF 



Serving you: the EDN mission 

recently read several hundred comments from EDN readers that we 
gathered as part of one of our numerous research projects. The com- 
ments convinced me that I should share some things about how and 
why we do things at EDN and highlight some resources that some 
of you may be unaware of. I'm focusing on making EDN your most 
trusted source for technical information. I believe that serving the 
reader is the foundation upon which to build successful information 
sources and our publisher, John Schirmer, mandates EDN's focus on 
this mission. 

We take research seriously because it helps us improve our print mag- 
azine, Web site, newsletters, and other offerings. We do an annual 
research project in which we ask you to measure us against the compe- 
tition. We do special projects, such as a study we did with the launch 

of our redesign last summer. We do 
monthly research on issue content. 
And, every two years, we do a major 
"Mind of the Engineer" study. Thanks 
to all that take time to participate; your 
input is invaluable. 

The comments I recently read varied 
from specific advice to general praise, 
such as "good job." One reader sug- 
gested about the print magazine, "Send 
it with a cold six-pack and $20 for take- 
out pizza." Something tells me my boss 
won't approve of that approach. 

Several of you expressed dislike for 
our practice of running article sidebars 
or other information, such as tables or 
figures, only on the Web. At least a 
couple of you explicitly stressed that we 
should stop trying to drive you to our 
Web site. I'd like to share my conun- 
drum. I'll admit that we would like you 
all to visit our site. We do sell adver- 
tising on the site, but I also believe that 
we offer value to visitors. In fact, the 
Web allows us to present information 
that we once would have lost on the 



The Web allows us 
to present informa- 
tion that we once 
would have lost 
on the cutting-room 
floor. 

cutting-room floor. Our print business 
model has always limited the pages for 
each issue and article. Before the exis- 
tence of our Web site, we were some- 
times unable to present valuable infor- 
mation that didn't fit into print. I hope 
most of you agree that it's better for us 
to offer such information on the Web 
as a complement to the print articles. 

Many of you dislike advertising 
mixed in with articles and especially 
the ads on heavier page stock. I'm sorry 
about those disappointments, but 
those things pay the freight, and there 
is simply nothing we can do if we want 



to provide you with the maximum 
number of print editorial pages. 

I know many of you specialize in ana- 
log-circuit design and embedded soft- 
ware, for example, and a number of 
other disciplines, because you asked for 
more coverage in those areas. EDN is 
a horizontal-market book for the 
design engineer. We strive to offer a bal- 
ance of information in each issue across 
disciplines, products, and end applica- 
tions. 

Many of you asked for more Design 
Ideas. Frankly, we run most of the good 
ones that we get. Overwhelm us with 
more, and we'll see about more print 
pages or perhaps present some in 
newsletters or on the Web site. We also 
have a section, "Tales from the Cube," 
that we launched last June. Research 
says that you like that better than any 
of the other new departments. Please 
support the section by submitting your 
own first-person "tale" and collecting 
$200. 

A number of you also asked for more 
back-to-basics tutorials. We've had the 
same thought. We are looking at ways 
to offer such primers — in print or on 
the Web. We already offer what quite 
a few readers asked for: free archives on 
the Web going back more than 10 
years. Also, you can still get a PDF of 
archived articles. We've changed the 
Web button from "PDF" to "printer- 
friendly version," but we didn't remove 
the PDFs. 

I'll close by also thanking all of you 
who voted in our annual Innovation 
Awards program. I know participating 
takes time, but you are part of choos- 
ing the most innovative technologies 
each year. You will find the winners in 
the article starting on pg 33 of this 
issue.EDN 



Call me at 1-858-748-6785 or e-mail 
me at mg'wright@edn.com. 
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Do our new 0302 chip inductors 
break the laws of physics? 



Higher current Better Q factors 



Irms max (mA) 



Qat 1.7 GHz 



If they don't break 
the laws, they sure 
bend them! 

Smaller chip in- 
ductors have al- 
ways meant lesser 
specs. But not our 
newest family of 
0302CS wirewound 
inductors! 

As you can see, 
they outperform bigger 0402 coils in just about 
every category: higher Q and SRF, lower DCR, 
better current handling. And they do it in a 



Lower DCR 

DCR max (mOhms) 



Higher SRF 

SRF (GHz) 




4.7 nH 10 nH 20 nH 



4.7 nH 10 nH 20 nH 



I New 0302CS 

I 0402 coils 



footprint roughly 
25% smaller! You 
don't have to be an 
Einstein to know 
that something very 
strange is going on! 

Check our web 
site for a complete 
datasheet, SPICE 
models and free 
evaluation samples. 
Or order Designer's Kit C370 and get all 35 
inductance values from 0.67 to 34 nH. 
Visit www.coilcraft.com/0302d. 



4.7 nH 10 nH 20 nH 



4.7 nH 10 nH 20 nH 



By almost every measure, our new 0302CS chip inductors 
significantly outperform 0402 coils that are 38% bigger! 



www.coilcraft.com 800/322-2645 



Kickstart™ Your Power Solutions 



Micrel's MIC2000 Family - More Power, Smaller Space 





MIC 
2000 





All PCs and millions of printers feature USB sockets as the 
standard connection for peripherals. Each requires current 
limiting as protection against short circuits. Micrel's newest 
family of power distribution switches, the MIC2000 series, 
offers the industry's highest current rating to footprint ratio 
and an unparalleled feature set. Micrel's breakthrough 
Kickstart™ current limiting technology accommodates high 
surge currents while maintaining average current level control 
in PCs, Set-Top-Boxes, Game controllers and USB host devices, 
as well as the market's latest printers. 

For more information, contact your local Micrel sales 
representative or visit us at: www.micrel.com/ad/mic2000. 
Literature: 1 (408) 435-2452 Information: 1 (408) 944-0800 



The Good Stuff: 



♦ 
♦ 
♦ 
♦ 
♦ 
♦ 
♦ 
♦ 



Low RON: 77mQ typical 

2.5V to 5.5V operation 

200mA to 2A continuous current 

Fixed and Adjustible current limit 

Thermally protected 

Soft-start turn-on / slew rate control 

Level shift circuit allows 1.5V logic to drive the switch 

Small S0T23-6 8t 2mm x 2mm MLF thermal pad packages 



IMCRbL 

InnovaNon Through Technology™ 

www.micrel.com 
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ENABLE 


CSLEW 
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DLM 


LOAD 
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2004 


2014 
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♦ 
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2015 


2006 


2016 
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2007 


2017 
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♦ 


♦ 


♦ 
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2018 
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For superior solutions: 
EMC filters 

■ standard 2-, 3- and 4-line filters 
for 1 to 2,500 A in stock 

■ AFE, PLC and sine wave filters 

■ Feedthrough components for up 
to 500 A and 440 VAC, 750 VDC 

■ Wide range of chamber filters 
and filter cabinets 

■ Own accredited ElVIC laboratory 

■ More than 50 years' experience 

IVIore information at www.epcos.com 
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just everywhere . 



We Create B6A Solutions 
From The Drawing Board 
To The PC Board. 




And Every Step fn Between. 




Standard Eutectic or 
Optional Lead-free 

Advanced now offers select BGA sockets 
with lead-free solder ball terminals to comply 
with worldwide directives. 



From concept to completion, Advanced is your single source for comprehensive 
BGA socketing systems. We specialize in economical, dependable alternatives 
to direct device attach, with an array of innovative solutions for any stage of 
development. Whether you're using BGA, LGA or CSP devices in prototype or 
production applications — you can be sure we're with you every step of the way. 



To learn more, visit us online at 
http://www.bgasockets.com 
or call 1.800.424.9850. 



ADVANCED 

INTERCONNECTIONS. 

5 Energy Way, West Warwick, Rhode Island 02893 USA 




IC SOCKETS AND ADAPTERS 



BOARD TO BOARD CONNECTORS 



PEEL-A WAY® CONNECTORS 
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INNOVATIONS & INNOVATORS 



CPU module extends product life span 



With a mezzanine concept that 
updates the CPU instead of the 
I/O, General Micro Systems 
claims that its latest VMEbus-based sin- 
gle-board computer virtually eliminates 
processor obsolescence. The V265 Con- 
dor's 4X4-in. processor module enables 
field upgrading of the processor to meet 



performance and technological require- 
ments over the typical 1 0-year life cycle of 
embedded systems. The current Pentium 
M processor enables an array of options 
ranging from the low-power, low-cost 
Celeron M 373 to the high-performance, 
1.8-GHz M-745. 
Condor provides as much as 2 Gbytes 




The Condor single-board 
computer offers a field-upgradable 
processor, a 10-year minimum life 
cycle, and optional extended- 
temperature ranges. 



of 266-MHz DDR SDRAM. With multiple 
serial- and parallel-l/0 choices, it supports 
as many as 10 multiprotocol-communica- 
tions controllers. To satisfy rear-l/O re- 
quirements, customers may also select 
which onboard I/O options to channel 
through the VME P2 and PO connectors. 
The onboard dual-pipe video controller 
with 64 Mbytes of 64-bit memory provides 
two independent video channels, each 
with 2- and 3-D accelerations and resolu- 
tion of 2048 X 1 536 pixels at 75 Hz with 
24-bit color. 

The V265 Condor board is available in 
both convection- and conduction-cooled 
versions. The board supports Windows, 
VxWorks, and Linux operating systems. 
Prices start at $21 56 (1 00). 

—by Warren Webb 
►General Micro Systems, www. 
gms4sbc.com. 



High-end and economy FPGAs target communications 



Apparently unafraid of going toe to toe with Xilinx (www.xilinx. 
com) and Altera (www.altera.com) in the high-end-SRAM-based- 
FPGA market. Lattice Semiconductor has announced a high- 
performance FPGA targeting the high-speed-communications 
and data-storage-design markets. The company is also releas- 
ing an "economy-class" FPGA. Both new device families con- 
sume less power and have greater density than previous Lattice 
offerings, thanks to fab partner Fujitsu's (www.fujitsu.com) 90-nm 
process, according to Stan Kopec, Lattice's corporate vice pres- 
ident of marketing. The company implemented the previous gen- 
eration in a 130-nm process. On top of the inherent improve- 
ments from the process reduction. Lattice has also added sev- 
eral new features to its LatticeSC and LatticeECP2 offerings. 

Lattice has added a high-channel-count SERDES (serializ- 
er/deserializer) supporting 3.4-Gbps data rates, 2-Gbps Pure- 
speed parallel I/O, and new clock-management structures that 
allow the FPGAs' logic to operate as fast as 500 MHz. One 
family member also includes preceded structured-ASIC blocks. 



The LatticeSC family offers four to 32 SERDES channels. The 
family will include five products, ranging in density from 1 5,200 
look-up tables or 1 52,000 ASIC gates in the SC 1 5 to 1 1 5,000 
look-up tables or 1.15 million ASIC gates in the SC1 15. You 
can reconfigure the look-up tables as SRAM for the device, 
which includes as much as 7.8 Mbits of embedded SRAM. The 
devices operate from a 1 or 1 .2V supply To help users manage 
setup-and-hold-time margins at input registers, each LatticeSC 
I/O pin includes an input-delay alignment block with 1 44 taps 
at 40-psec intervals. 

Lattice will also offer the SC-M variation of the SC device, 
which adds preconfigured, structured-ASIC blocks to the 
FPGA. The structured -ASIC blocks, which are the unused ar- 
eas of the SC device, add 50,000 ASIC gates to the standard 
SC architecture. The structured blocks add 1- and 10-Gbps 
Ethernet; PCIe (PCI Express); DDR1/2, 0DR2, and RLDRAM 
controllers; and SPI4.2.-by Michael Santarini 
Lattice Semiconductor, www.latticesemi.com. 



APRIL 13, 2006 | EDN 



Ise 



MEMS-based oscillator threatens quartz; 
resonator could move on-chip 



Few electronic compo- 
nents have stood the 
test of time better than 
the quartz-crystal oscillator or 
resonator. But researchers con- 
tinue to search for a quartz re- 
placement because the com- 
ponents don't scale downward 
sizewise-at least relative to 
ICs-and manufacturing and 
packaging are problematic, 
even though the industry has 
developed ways to turn out mil- 
lions of discrete oscillators at 
low prices. MEMS (microelec- 
tromechanical-system) technol- 
ogy is one silicon technique that 
designers can use to build an 
oscillator. Start-up SiTime be- 
lieves that it has unlocked the 
secret to MEMS-based oscilla- 
tors that, as discrete compo- 
nents, can undercut quartz 
prices and that designers might 
ultimately integrate directly into 
large digital chips. 

SiTime claims that vendors 
this year will manufacture 10 
billion quartz crystals with com- 
plex popular products, such as 
handsets, hosting a half-dozen 
or more such components. 
Despite challenges from ce- 
ramic and silicon approaches, 
quartz has remained dominant 
due to excellent temperature- 
stability and phase-noise per- 
formance. Early silicon-based 
MEMS oscillators failed to of- 
fer such stability due to both 




Trenches etched in a silicon substrate form MEMS beams that os- 
cillate in SiTime's MEMS-based-resonator product line. 



m FROM THE VAULT 
Electronics occupies a unique engi- 
neering niche. Next year's jets won't fly 
twice as high or use half as much fuel, 
and, except for the pinstriping, next 
year's cars won't differ markedly from 
this year's ... Today, just 40 years after 
the invention of the transistor and 15 
years after the appearance of the first 
4- and 8-bit microprocessors, manufac- 
turers have found a commercially 
practical way to put 1 million transis- 
tors on a single chip. Some industry 
experts predict that, by the year 2000, 
engineers will be working with billion- 
transistor chips, which represent a 
thousandfold increase over today's 
device density. 

Steven H Leibson, Regional Editor, EDN, Marcin 3, 1998. 



DllBERJ By Scott Adams 



THE COrAPANY REQUIRES 
KE TO GIVE FMLING 
PERFORMANCE REVIEUJS 
TO 20% OF rAY STAFF. 




THERE ARE FOUR OF 
YOU. SO THAT UORKS 
OUT TO. . . 80% OF A 
PERSON. 




UALLY. YOUR CALF 
rAUSCLES AND ANKLES 
ARE PERFORtAING 
UELL, BUT THE REST 
OF YOU IS rAONKEY 
HURLAGE. 




the temperature properties of 
silicon and contamination that 
gathered on the vibrating 
beams in MEMS oscillators. 

SiTime claims to have solved 
the MEMS-oscillator problem 
with a packaging technology. 
The company has addressed 
problems associated with ear- 
lier MEMS-oscillator packages 
using the MEMs First silicon- 
process technology which it 
based on SOI (silicon-on-insu- 
lator) wafers. In MEMS First, a 
silicon etch creates 10-micron 
trenches that form the res- 
onator beam. The process then 
relies on glass that fills in the 
trenches, so that an epitaxial 
reactor can grow a layer of sil- 
icon and polysilicon on top. The 
process then relies on vents 
that are etched in the silicon so 
that hydrofluoric acid can re- 
move the glass, freeing the 
beams to oscillate. The reactor 
again seals the cavities, leaving 
a clean vacuum underneath. 
SiTime claims that the process 
eliminates stability problems 
and offers better stability than 
quartz technology Further, the 
semiconductor process can 
churn out oscillators that are a 
fraction of the size of quartz. 

Initially SiTime will package 
its resonators as direct re- 
placements of quartz res- 
onators, simply offering a low- 
er price and presumably supe- 
rior performance. Among the 
offerings is the SiT8002 pro- 
grammable oscillator that can 
output a signal ranging from 1 
to 125 MHz. The product will 
sell for 69 cents (1 million). 
Meanwhile, the SiTI Ixx fami- 
ly of fixed-frequency oscilla- 
tors will sell for 49 cents (1 
million). The company may lat- 
er use the MEMS First 
process to embed oscillators 
in the substrate below CMOS 
digital ICs.-by Maury Wright 
SiTime, www.sitime.com. 
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Tl + CHIPCON 

COMPLETE LOW-POWER RF SOLUTIONS 



LOW-POWER RF 

ZigBee™ and Proprietary Solutions 

Transceivers • Transmitters • System-on-Chip 
300-IOOOMHz and 2.4GHz 



^ — ^ — 



MSP430 

ultra-low-power 
MCU 




Power Management 



CONSUMER APPLICATIONS 



O wireless keyboard/mouse 

O Wireless gaming accessories 

O Wireless VoIP solutions 

O Remote controls 



BUILDING AUTOMATION APPLICATIONS 



O Building control and monitoring 

O Tracking systems 

O Automatic meter readers 

O Alarm and security systems 



Chipcon Products 
from Texas Instruments 



Order the new Low-Power RF Selection 
Guide and subscribe to the low-power RF 
e-Newsletter at www.ti.com/low-powerRF 



With the acquisition of Chipcon, Tl now provides you with industry leading 
ZigBee™-compliant solutions and a broad range of proprietary RF-ICs that 
enable innovative low-power wireless applications. And, Chipcon s software, 
development kits and reference designs will speed your time to market. 

Tl's portfolio of high-performance analog and ultra-low-power MCUs 
combined with Chipcon s low-power RF-ICs give you an immediate 
low-power RF offering and a strong roadmap for future integrated solutions. 



Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1519A0 © 2006 Tl 



Tech nology for I n novators™ ^ Texas Instruments 
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Device combines signal 
and power isolation 



Building on its iCoupler 
technology, which in- 
cludes chip-scale mi- 
crotransformers directly in the 
chip substrate, Analog Devices 
is offering what it claims is the 
first device to combine signal 
and power isolation in the 
same chip. The ADuM524X 
isoPower family of dual-chan- 
nel isolators integrates isolat- 
ed power supplies and regula- 
tors that provide as much as 
50 mW of isolated, regulated 
power at 5V with two isolated 
digital-signal channels. The 
devices target low-power iso- 
lation, such as that in factory- 
automation equipment, instru- 
mentation, and secondary- 
control power supplies. 

One popular method of sig- 
nal isolation uses optocou- 
plers, which combine LEDs 
and photosensitive transistors, 
but these devices have limita- 
tions: Their characteristics can 
vary with age and tempera- 
ture. In addition, although op- 
toisolators can isolate signals, 
they can't isolate power. The 
isoPower technology which 
Analog Devices based on pla- 



nar transformers, can do both 
signal and power isolation in 
one package for a significant 
cost and space savings and 
still provide isolation ratings as 
high as 5 kV. 

The ADuM524X family 
members vary by the direc- 
tionality of each channel. The 
ADuM5240, targeting data- 
acquisition applications, has 
two signal outputs on the 
same side as the power out- 
put. The ADuM5241 has sig- 
nal channels in each direction, 
and it targets bidirectional 
communications, such as RS- 
232 transceivers, that require 
isolated power for interface 
electronics. The ADuM5242, 
with the two signal outputs on 
the same side as the power in- 
put, targets power-supply ap- 
plications that employ second- 
ary-side control and require 
isolated power to initiate start- 
up. The devices come in eight- 
lead, narrow-body, lead-free 
SOIC packages and cost 
$2.95(1000). 

—by Margery Conner 

Analog Devices, www. 
analog.com. 
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ADuM524X products incorporate the isoPower technology, which 
integrates an isolated dc/dc converter with two channels of digital- 
signal isolation in an eight-lead SOIC. 



a FEEDBACK LOOP 

"Datapath issues may be the 
biggest challenge facing chip 
designers today and in the future. 
Validation and lithography simula- 
tion simply take too much time on 
current platforms." 

Jim McKibben in EDM's Feedback Loop at www. edn. conn/ 
article/CA6297764. Add your comnnents. 



RFI D and 802 marriage targets asset-tracking systems 



Most RFID target applications to date have relied on rela- 
tively short-range links between the ID tag and the reader. 
Officials at start-up G2 Microsystems believe that the short- 
range approach is wrong for many applications. The compa- 
ny claims that designers place too much emphasis on low- 
cost RFID tags and not enough on the cost of the wireless 
infrastructure that connects to the tags. Without question, 
retail-inventory applications require cheap tags. But G2 offi- 
cials believe that applications such as tracking medical in- 
struments within a hospital or pallet arrivals in a warehouse 
need the already-deployed and paid for Wi-Fi networks in 
facilities ranging from factories to hospitals. So, G2 devel- 
oped the G2C501 SOC (system on chip), which combines a 
32-bit CPU, an 802.1 1 b client interface, and support for a 
variety of RFID-tag technologies. 
Of course, power consumption is a key challenge for an 



802.1 1 -based RFID tag. Mainstream Wi-Fi technology 
proves to be a battery drain on notebook PCs, and an RFID 
tag needs to live for perhaps years on a small battery. 
Indeed, power concerns led the G2 team to integrate a pro- 
prietary 802.1 1 b design rather than use a low-cost, off-the- 
shelf chip. The company claims to have re-examined how 
802.1 1 b works and how to reduce power in a client that in- 
frequently transmits only short bursts of data. G2 claims 
that a tag based on its chip can last five years, reporting 
every 40 seconds, using two AA batteries. The IC also sup- 
ports location reporting to within 3m based on the ISO 
24730 standard. Samples are available now, and the chip 
will sell for $1 2 (high volumes). A full evaluation kit with 
software-development tools sells for $1 500. 

-by Maury Wright 
G2 Microsystems, www.g2microsystems.com. 
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World's Lowest Power MCU 

It's easy to rev up your application in minutes with the new eZ430-F2013, the world's smallest 
complete development tool for only $20! The tool provides all hardware and 
software needed to evaluate the MSP430 or complete an entire F20xx project. 
The F20xx combines 1 6 MIPS performance, less than 1 microamp standby current, 
with your choice of analog converters - from a comparator, fast 10-bit ADC to 
16-bit sigma-delta with integrated PGA - all in a package as tiny as 4x4 mm. 
Designing with the world s lowest power MCU just got even easier. 



New Low Pin-Count Devices 



Device 


Program 


SRAM 


SPI, |2C 


Analog 


Price IK USD 


MSP430F2001 


1 KB 


128 B 




Comparator 


$0.55 


MSP430F2011 


2KB 


128 B 




Comparator 


$0.70 


MSP430F2002 


1 KB 


128 B 




10-bit ADC 


$0.99 


MSP430F2012 


2KB 


128 B 




10-bit ADC 


$1.15 


MSP430F2003 


1 KB 


128 B 




16-bit ADC 


$1.50 


MSP430F2013 


2KB 


128 B 




16-bit ADC 


$1.65 




FREE eZ430-F2013! 

Register and attend 430 Day, a 
free three-hour "lunch and learn" 
and receive a free eZ430-F2013. 
The session includes an overview, 
updates and eZ430 technical 
demonstrations. Lunch will be 
provided. Seating and tools are 
limited. Register today to attend 
a location near you. 
www.ti.com/ez430 



Order Today! www.ti.eom/ez430 o 800.477.8924, ext. 1313 
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VOICES 

August Capital's 
Andy Rappaport 
on innovation 

An engineer turned entrepreneur and then venture cap- 
italist, Andy Rappaport also did a stint as a senior ed- 
itor for EDN, following ASIC technology in the early 
'80s. Rappaport's career has mandated that he be a 
keen judge of innovation, so, naturally he was a perfect choice 
as featured speaker at EDMs annual Innovation Awards banquet 
on April 3 in San Jose, CA. Before the talk, Rappaport shared 
some of his experiences. For an expanded version of this inter- 
view, go to www.edn.com/06041 3p1 . 



How do you define innova- 
tion? Is it restricted to 
completely new ideas? 
Can it be realized in simply 
engineering a better way 
to handle a known task? 

^1 make a distinction be- 
tween invention and in- 
novation. Inventions are new 
ways of doing things and can 
take many forms. Sometimes, 
they lead to successful products 
or companies. But innovation is 
something that alters the world 
in a fundamental way The Wal- 
lace Tree multiplier was a neat 
invention, but the programmable 
DSP turned out to be truly inno- 
vative. 

What true innovations in- 
dustrywide have you most 
admired over your career, 
and feel free to go back as 
far as you like, because 
this is our 50th anniversary 
publishing EDN, and we're 
looking back, as well. 

It's hard to think of any- 
thing in the electronics 
sphere more important than the 
planar IC. Nobody remotely un- 
derstood how important small 
was when [Robert] Noyce and 
[Jack] Kilby got the ball rolling 
on integration. The micropro- 



cessor and programmable DSP 
are two related innovations that 
have clearly changed the world 
during my career. CMOS is an- 
other. By simplifying the inter- 
face between process and cir- 
cuit design, it democratized ac- 
cess to IC technology in ways it 
was hard to imagine as it was 
happening. TCP/IP ranks up 
there, too. I love that it has ex- 
ceeded the bounds that even 
[Ethernet inventor] Bob Metcalf 
thought would kill it. The great- 
est innovations always surprise 
their progenitors that way 

As an investor and entre- 
preneur, what are the ap- 
plications that you have 
been involved in that have 
excited you the most? 

I was involved in the 
ftil birth of the FPGA 20 
years ago. That was exciting, 
especially because virtually 
everybody not involved in 
FPGAs at that time thought the 
whole notion was crazy I have 
also been involved in driving the 
use of unlicensed spectrum for 
serious communication for 
more than 15 years. I've been 
able to take part in the recent 
explosion of Wi-Fi, and I am 
looking forward to seeing tech- 
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nologies such as this capture 
voice and media traffic. I believe 
that most of the economic val- 
ue of radio communications will 
switch from licensed to unli- 
censed spectrum over the next 
20 years, and shifting econom- 
ic value is how venture capital- 
ists succeed. 

I have also been gratified to 
have been involved early in the 
whole fabless-semiconductor 
revolution. People forget now 
how controversial the notion 
was 20 years ago. But the abil- 
ity to make state-of-the-art 
process technology available to 
designers unable to invest in 
tabs has increased innovation 
by orders of magnitude relative 
to what it would have been oth- 
erwise. I was unpopular for a 
while in Silicon Valley for advo- 
cating this notion as strongly as 
I did early on. But the result has 
made it worth it. 

At a pure R&D or laborato- 
ry level, what are the fu- 
ture enabling technolo- 
gies that excite you the 
most and why? 

I am involved now with a 
company that is inte- 
grating optical and electronic 
devices at subwavelength 
scale. I am not nearly smart 
enough to predict which uses 
of this technology will ultimate- 
ly prove most important, but the 
potential is vast, because it is 
becoming highly inefficient to 
use copper to communicate 
high-speed data. I am also bet- 
ting that memory technology 
will change based on material 
science, not device design 
alone, because we are both 
reaching the density and per- 
formance limits of technologies 
deployed now and rapidly gain- 
ing understanding of how to 



use newly discovered effects. 

I am also watching technolo- 
gies that improve energy-stor- 
age densities. Electronic de- 
vices are on a trajectory to 
smaller size and greater porta- 
bility. Delivering more energy in 
smaller packages is critical to al- 
lowing this trend to continue. 

When you were at EDN, the 
ASIC industry was in its in- 
fancy, and you made some 
early predictions about 
how many ASIC designs 
would ultimately get done. 
Does it surprise or disap- 
point you that ASIC starts 
are now falling? 

ASIC is a methodology 
and, like all methodolo- 
gies, its effectiveness is a func- 
tion of the technology and de- 
sign intent to which you apply it. 
ASICs were all about making in- 
tegration of custom logic eco- 
nomical. But technology has 
changed in two important ways. 

First, logic inefficiency is no 
longer expensive. Current lev- 
els of integration make it un- 
necessary to optimize logic for 
most applications. You can de- 
fine relatively general-purpose, 
s oftware- prog ram m able 
processors in a way that works 
well enough for most applica- 
tions. The effort to further opti- 
mize transistor efficiency in 
most cases is not justified. So, 
a few basic architectures with 
little custom logic can satisfy 
most new designs. And IC 
processes have become com- 
plex to the point at which bear- 
ing the cost of design verifica- 
tion and masks is unwise un- 
less it yields enormous benefit. 
So, we will see a trend toward 
fewer and fewer processor- 
based architectures doing most 
of the work in most systems 
with whatever custom logic is 
needed implemented in rela- 
tively small FPGAs or emulated 
in software or firmware. 

-by Maury Wright 
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Integrated video filters with HD performance, guaranteed. 

In video signal paths, analog is everywhere. 




High definition integrated video filters 

Selectable 6th-order video filters (HD, PS, or SD) 
Guaranteed 1 dB flatness out to 26.5 MHz 
Rejection: -43 dB @ 75 MHz 
Low group delay variation of 7 ns 
Excellent differential gain: 0.04% to 11% 
Excellent differential phase: 0.16° to 0.25° 
AC- or DC-coupled input/output 
Rail-to-rail output 
Disable 



Part 
Number 


Channels 


SD 


HD 


Selectable 
Gain 


DC 
Adjust 


2:1 
Mux 


Price @ 
100k ($U.S.) 


ADA4410-6 


6 


Y 


Y 


Y 


Y 


Y 


1.80 


ADA4411-3 


3 


Y 


Y 


Y 


Y 


Y 


1.49 


ADA4412-3 


3 


Y 


Y 


N 


Y 


N 


1.29 



Low cost, single-chip ICs offer industry's best HD value 

Looking for integrated antialiasing, reconstruction video filters that 
deliver reliable HD quality video? Our new ADA441x family guaran- 
tees a minimum flatness response of 1 dB out to 26.5 MHz, out of 
band rejection of -43 dB @ 75 MHz, and 7 ns group delay variation 
to enable the highest quality HD video. 

With buffer and 6th-order filter, dc offset adjust, as well as 2:1 input 
mux, our single-chip ICs significantly streamline design development. 
And since these filters are priced competitively with other integrated 
solutions, yet offer superior performance, they provide greater value. 
What's more, designers can save as much as 40% compared to the 
cost of discrete solutions. 

Performance and value define video designs, and Analog Devices 
defines the possibilities with industry-leading ICs, including: 

• ADA4430-1 low power, standard definition (SD) integrated video filter 

• Encoders 

• Decoders 

• Switches/muxes 

• Cable splitters 

• Display interface ICs 



analog is everywhere: 
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Web sites offer verification help 



(fflGLOBAL DESIGNER 

Flesh-conduction 
microphone targets 
mobile phones 



M 



itsumi Electric Co 
and Asahi Kasei 
Corp have jointly de- 
veloped a flesh-conduction vi- 
bration sensor with high sensi- 
tivity for voice input in mobile 
phones. Mitsumi demonstrat- 
ed a microphone of mobile 
phones as an application at its 
private show, Mitsumi Show 
2006. The sensor picks up vi- 
bration from vocal cords in a 
human body to operate as a 
microphone. At the demon- 
stration of the vibration sensor, 
an operator placed the device 
under his ear and spoke into a 
mobile phone. A receiver 
picked up his voice, despite 
the noisy environment. 

The vibration sensor uses 
flesh, rather than bone, con- 
duction. A sensing portion at- 
taches with soft silicone resin, 
which behaves the same as 
conduction in human skin. This 
approach avoids attenuating 
and reflecting the human 
voice. The microphone picks 
up voices over a 100-Hz to 
3.5-kHz frequency range; it 
uses a 3V supply and a 500- 
|jlA current. The sensor inte- 
grates a sound-correction cir- 



cuit with a capacitive sensor, 
measuring 20 mm in diameter 
and 5 mm thick. 

-by Shoko Kawamura, 
Contributing Editor, 
EDN Japan 
Mitsumi Electric Co Ltd, 
www.mitsumi.com. 

Asahi Kasei Corp, www. 
asahi-kasei.co.jp. 



At last month's Design Auto- 
mation and Test Conference 
in Munich, Germany, Cadence 
released three Web sites to 
help customers create new 
verification methodologies or 
optimize established ones. 
Part of the company's Plan- 
to-Closure Web site, the new 
sites are Incisive Plan-to- 
Closure, Community Plan-to- 
Closure, and My Plan-to- 
Closure. Steve Glaser, vice 
president of marketing for 
Cadence's Verification Divi- 
sion, says that the sites will 
help users adapt advanced 
verification methodologies 
that often include a mix of 
languages, including System- 
Verilog, VHDL, and SystemC. 

The Incisive Plan-to-Clo- 
sure gives customers access 
to Cadence resources for ver- 
ification. It includes Web- 
based documentation for ver- 
ification best practices, exe- 
cutable golden examples, 
technology libraries, tem- 
plates, and access to deploy- 



ment experts and Cadence's 
sales team. 

The Community Plan-to- 
Closure allows Cadence users 
to share their verification 
methodologies, tips, and tricks 
with each other. It gives users 
access to frequently asked 
questions, registered Cadence 
universal-reuse-methodology 
prefixes, and paper presenta- 
tions. Users can also down- 
load, upload, and share code 
and libraries. The site also in- 
cludes forums addressing 
subjects such as verification 
planning and management, 
assertion-based verification, 
universal reuse, and system 
verification. 

The customizable My Plan- 
to-Closure allows users to cus- 
tomize their Web sites to moni- 
tor, for example, code additions, 
forums, and updates pertaining 
to their jobs or projects. 

—by Michael Santarini 
Cadence Design 
Automation, www.cadence. 
com. 



Dual-mode platform for mobile phone 
takes advantage of global expansion 

Renesas Technology plans to develop the SH-Mobile G Series, an integrated platform with 
software and dual-mode application processors, for 3G mobile phones. The company expects 
to complete the joint project with NTT Docomo (www.nttdocomo.com), Fujitsu (www.fujitsu. 
com), Mitsubishi Electric (www.mitsubishi.com), and Sharp (www.sharp.com) by the second 
quarter of the 2007 fiscal year. Renesas expects the dual-mode platform to expand its SH- 
Mobile SOC (system-on-chip) business, including W-CDMA (wideband-code-division-multi- 
ple-access) technology from NTT Docomo and GSM/GPRS (Global System for Mobile com- 
munications/General Packet Radio Service) from European companies. 

SH-Mobile G2 will support broader-band communication systems than its predecessor, SH- 
Mobile G 1 , and will also support HSDPA (high-speed-downlink-packet access) as fast as 3.6 
Mbps and EDGE (Enhanced Data for GSM Evolution) at its baseband circuit. The G2 will be- 
come available for sampling in July 2006 to the OEMs of Fujitsu, Mitsubishi, and Sharp. The 
G2 chip will enter volume production in the second quarter of 2007. 

The platform comprises SymbianOS as an operating system and an MOAP (mobile-phone- 
oriented application platform) from NTT Docomo. Renesas plans to later support Linux. The 
platform also comprises the SH-Mobile G2 hardware chip, device drivers, middleware, com- 
munication-control software, OS, and application software. 

-by Takatsuna Mamoto, Editor in Chief, EDN Japan 

Renesas, www.renesas.com. 
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by Analog Devices. 



Highly Integrated, Programmable Single-Component Sensors 
Solve Problems in Industrial System Design 



Sensors have the potential for providing revolutionary innprove- 
nnents in perfornnance, reliability, safety, and cost-of-ownership 
within industrial systenn designs. Exannples involving inertial 
sensors include platfornn stabilization, nnotion control for 
industrial nnachinery, security devices, antenna stabilization, 
robotics, navigation, nnechanical leveling, and nnany others. 
However, a gap has long existed between good sensor technology 
and its innplennentation within critical industrial systenns. 
Ennbedding sensor processing within industrial equipnnent 
typically requires that the designer have intinnate knowledge of the 
sensor technology to design and innplennent a signal chain 
that properly tunes and calibrates a given sensor for its applica- 
tion. For inertial sensors, this typically also requires the capability 
for nnotion testing. The systenn expense of this innplennentation has 
created a barrier to nnore rapid sensor deploynnent, particularly for 
custonners and applications with nnoderate production volunnes. 
The problenn is worsened by the physical linnitations posed by 
Sonne applications (for instance, ennbedded vibration analysis) 
where extrenne density, environnnental conditions, and rennoteness 
have pushed requirennents beyond what is available in standard 
sensor and signal conditioning connponents. 

The Analog Devices' /Sensor™ product fannily was created in 
recognition of this gap in industrial sensor applications. The 
ADIS16201 /Sensor is the first innplennentation of a new patent 
pending single-package integration technology. It's the world's 
first direct output, linear-in-degrees inclinonneter that is available 
as a single connponent. Incorporating a connplete sensor and data 
processing signal path, the device is both a fully functional pro- 
grannnnable dual-axis acceleronneter and a dual-axis inclinonneter. 




RST 



The ADIS16201 provides a gain and offset variability of less than 
1%, reduces voltage and nnechanical nnounting sensitivities, and 
provides a sinnple single connnnand interface which allows 
in-systenn auto-zero calibration. 

It also includes several ennbedded features, including progrannnna- 
ble sannple rate, digital filtering, power nnanagennent, configurable 
alarnns, auxiliary analog and digital I/O, and self-test. This elinni- 
nates the need for external circuitry and enables a nnuch sinnplified 
systenn interface, all controlled via an SPI port. Sensor 
outputs include two axes of ±1.7 g acceleration, two axes of 
±90° inclination (with accuracy within 0.25°), and tennperature. 
Previously, the sanne functionality and perfornnance could only be 
found in devices nnore than 100x larger, and 10x nnore costly. 
The ADIS16201 is available in a snnall 16-lead lanninate-based land 
grid array (LGA) package, at 1k unit pricing of $28. 




. CALIBRATED 

; aa^^ ; • programmable 

' ' • 9.2mm x 9.2mm 

ADIS16201-$28 



$10 



$100 



COST 



With up to 100x size reduction and 10x cost reduction, the ADIS16201 brings 
embedded sensing to a broader base of customers and appiications. 

/Sensor integration elinninates a key barrier to the advancennent of 
sensor applications in the industrial nnarket by offering unprece- 
dented functionality, progrannnnability, and sinnplicity to the systenn 
designer. The standard progrannnning interface also allows the user 
to easily tailor the devices to the application, and very quickly 
nnove through prototyping, evaluation, and innplennentation. Now 
in developnnent are additional /Sensor products targeted at ennbed- 
ded vibration analysis and progrannnnable angular rate sensing. For 
additional product infornnation, visit www.analog.com/iSensors.lZ 



A compiete duai-axis acceieration and inciination angie measurement system 
in a singie, compact pacl<age. 



Author Prof He: Bob Scannell is the business deveiopment manager for 
the iSensor product strategy atAnaiog Devices. 
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Transmitting from space 

A DISCARDED RUSSIAN ORLAN SPACE SUIT SERVES ONE LAST MISSION TO 
INCREASE AWARENESS OF THE INTERNATIONAL SPACE PROGRAM 

On Feb 3, 2006, the crew of Expedition 12 released the SuitSat-l 
into orbit around the Earth. SuitSat-l is a Russian Orlan space 
suit that had reached the end of its life, but the cosmonauts added 
a radio transmitter and sensors to measure temperature and bat- 
tery power to support one last four- to nine-day mission. Exceed- 
ing expectations, for more than two weeks, the space suit captured the atten- 
tion of the world by acting as a temporary satellite, transmitting recorded mes- 
sages and telemetry data that students and ham-radio operators could receive. 
A few weeks after the suit's final mission began, it re-entered Earth's atmos- 
phere and burned up. 



\±\ For additional photos, and to read more 
about SuitSat-1, its design and deveiop- 
ment stages, its ctiampions, and the 
messages it transmitted, go to 
www.edn.com/06041 3pe. 



The flight team integrated the controller 
box into the suit and connected it to the 
switch and transmitter boxes using 
cables. The controller box provided 1 2V 
regulated power from 28V of power to 
the radio. The controller box housed the 
EMI filter, the dc/dc converter, and the 
microcontroller, which read the sensors 
and managed transmission of the mes- 
sages and telemetry. 



The switch box attached to the helmet by a specially 
made bracket and connected to the controller box 
by a cable. The switch box employed three inde- 
pendent safeties to prevent an RF hazard to the 
deployment team: power, timer 1 , and timer 2 
switches. The power switch was a latch from the 
28V power source to the other two switches that 
provided a two-pull disconnect from the power 
source to the radio transmitter. The timer 1 and timer 
2 switches enabled a ripple counter that would 
assert 1 2V of power to the radio after eight minutes 
had elapsed; this delay would be enough time for 
the suit to drift far enough from the station to pose 
no RF hazard. 




The flight team integrat- 
ed the transmitter box 
into the suit and con- 
nected it to the con- 
troller box using a cable. 
The transmitter box con- 
tained an off-the-shelf 
Kenwood Corp model 
TH-K2 amateur-radio 
transceiver with its bat- 
tery pack removed. The radio mounted 
on a block of aluminum that acted as a 
heat sink. The frequency of the radio was 
1 45.99 MHz, and the power output was 
500 mW to extend battery life. The radio 
acted only as a transmitter, with no capa- 
bility to receive commands. 
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POWER MANAGEMENT 



IC Powers White Light LED as Camera Flash 



Introduction 

Smart phone, cell phone and PDA nnanufacturers are 
incorporating digital camera technology into their products 
so that the user can use these devices as a camera as well as 
their intended use. Each of these devices uses a mega-pixel 
CCD camera, which generally performs poorly in low-light 
conditions such as indoors, cloudy days, or in the morning or 
evening. Manufacturers are starting to turn to new high-power, 
white-light LEDs to provide a photographic flash function for 
low light conditions. The white-light LED is compact, 
provides a wide light spectrum output, and is easy to 
control. White-light LEDs operate at much lower voltages 
than a Xenon gas discharge tube, which requires hundreds 
of volts to flash. Additionally, white light LEDs can be 
turned on continuously to provide lighting for digital 
movie photography. 

One challenge in using white light LEDs is powering them 
with the wide input voltage range that batteries present. A 
white-light LED can have a forward voltage ranging from 3.2 
to 4.8 volts. This forward voltage range falls in the middle of 
most battery input voltage ranges, which means the converter 
needs to be able to step up or step down the input voltage to 
maintain the forward voltage of the LED. 







Featured in the latest on-line issue 




• Understanding and comparing 
datasheets for high-speed ADCs 

• Powering today's multi-rail FPGAs 
and DSPs, Part 1 




• TPS79918 RF LDO supports migration to 
StrataFlash® Embedded Memory (P30) 

• Practical considerations when designing a power 
supply with theTPS6211x 

• High-speed notch filters 

• Download your copy now at www.ti.com/aaj 



Texas Instruments' TPS61058 andTPS61059 are synchronous 
boost converters for driving high-current LEDs for movie and 
flash light applications. The TPS61058 can provide up to 
500mA and theTPS61059 up to 800mA of LED current from 
a 3.3-V source. TheTPS6105x family of boost converters has 
a special down mode that allows it to step down the input 
voltage when the input voltage is higher than the forward 
voltage of the LED. Thus, theTPS61058/9 can both step up 
and step down the input voltage, which allows it to drive a 
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Figure 1 -TPS61059 based 200mA movie lighit witli 700mA flasPi 



wide range of LEDs from a wide range of input voltages. 
Figure 1 shows tlieTPS61059 configured to provide 700mA of 
LED current for LED flash functions or a constant 200mA of 
LED current for a movie light function from an input battery 
voltage between 2.7 to 5.5 volts. Two digital inputs are used 
to select the mode of operation and the current level 
for the LED between off, movie light and photo flash. The 
flash, movie light and soft start current supplied by the 
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TPS6105X are programmed by an external resistor network 
that allows theTPS6105x to drive a variety of high-power, 
white-light LEDs. 

TheTPS6105x achieves up to 93% efficiency in movie light 
mode and 81% efficiency during high-current flash mode. 
During shutdown, the device completely disconnects the LED 
from the input source to prevent draining the battery and 
consumes a low lOOnA of quiescent current. 

Additional features are integrated circuit protections such 
as soft start, thermal shut-down, open LED and shorted 
LED protections and an integrated anti-ring power switch 
for low-EMI operation in noise-sensitive applications. All 
of this is packaged in a 10-pin QFN, which allows for a total 
solution size of less than 80 square millimeters. 



2.50 3.50 4.50 4.50 

VI -Input Voltage -V 



Reference: 

1.TPS61058 Datasheet (SLVS572B) 
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Support Across 



The Board 



Starting with in-depth design support all the 
way through to total supply chain management - 
Avnet Electronics Marketing is there for you. 
From concept to reality, we deliver: 



Consultative engineering 
support and services 




Focused product specialization 



The broadest supplier partnerships 



in the industry 



f 



Over $1 billion in top moving 
inventory "on the shelf" 

World-class supply chain services 

But, partnering with Avnet Electronics 
Marketing means much more than just 
having access to the industry's broadest 
array of design and supply chain services. 
It means working with a company that is truly 
focused on exceeding your needs and 
expectations - a company that is dedicated 
to giving you Support Across The Board.™ 

Ready. 
Set. 

Go to market.™ 




AVNET 

electronics marketing 



Enabling success from the center of technology^' 



Avnet Green Initiative 



1 800 332 8638 
www.em .avnet.com 
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BAKER'S BEST & 




BY BONNIE BAKER 



Tackle noise 

from three perspectives 

You've got noise in your circuit? Where do you look to find 
it? What source do you consider as the culprit? You can 
assign your noise to three fundamental categories, each 
with its own set of noise-reduction methods: device noise, 
emitted (or radiated) noise, and conducted noise. If you 
can find the category that your noise problem fits into, the noise-reduc- 
tion approaches become readily apparent. 

Device noise is just what you would stalling an antenna. Once you under- 

stand the source of radiated noise, the 
solution to your noise-reduction prob- 
lem will become apparent. For in- 
stance, you can increase the distance 
between analog and digital traces. You 
can rotate inductive switching systems 

If you need a good, 
clean-running 
circuit, it is critical 
that you identify the 
source or origin of 
noise in your circuit. 

so that the magnetic fields radiate in a 
different direction from your sensitive 
circuitry. But most important, always 
include an uninterrupted ground plane 
on your pc board. 

Even after taking all of the noise- 
reduction precautions, you may still 
have a noise problem. If you cannot 
reduce resistances in your circuit or find 
low-noise devices, you will have con- 
ducted noise in your pc-board traces. 
Conducted noise is simply noise that 
resides in your traces as a consequence 
of device noise or radiated noise. A 
common noise generator is a required 
switching power supply, which you 
might need because of its good effi- 



assume. Passive components and IC 
chips generate noise in this category. 
For instance, passive resistors, whether 
they are components or within the IC 
chip, generate a minimum noise that 
equals V4XKXRXTX(BW), where K 
is Boltzmann's constant (1.38X 10~^^), 
R is the resistance that you are evalu- 
ating, T is the temperature in Kelvin, 
and BW is the bandwidth in your eval- 
uation. Generally, capacitors and 
inductors are not noise generators of 
any consequence, unless you embed 
them in a switching network. Going 
forward, you can easily quantify the 
noise that IC chips generate by exam- 
ining product data sheets. Reducing 
resistance or using lower noise IC chips 
can easily impact the device noise in 
your circuit. 

If you are looking for sources that 
generate noise, you would next exam- 
ine the origins of radiated or emitted 
noise. Radiating sources, such as 
inductive switching transformers or 
motors are prime noise-generating sus- 
pects. Another, not-so-obvious source 
of this type of noise is the close prox- 
imity of your analog and switching dig- 
ital pc-board traces. You can also accu- 
mulate this type of noise in your system 
by building circles or ground loops with 
your traces and unintentionally in- 



ciency. You could also have 50- or 60- 
Hz noise riding on your pc-board traces, 
but, in all of these cases, whether the 
noise originates as device noise or radi- 
ated noise, the noise now resides in 
your pc-board traces as conducted 
noise. Sometimes, the only approach to 
this type of noise is to implement noise- 
reduction filters. You also need to 
examine all ground- and power-return 
paths and, once again, a continuous 
ground plane is preferable. And, by all 
means, make sure that you are using 
appropriate bypass capacitors on your 
active devices. 

Your circuit noise will never equal 
zero. If you need a good, clean-running 
circuit, it is critical that you identify the 
source or origin of noise in your circuit. 
Once you find that source, whether it 
is device noise or radiated noise, you 
can implement noise-reduction tech- 
niques in your system to bring the cir- 
cuit noise to tolerable levels. As a pre- 
ventive measure, you should think 
about the devices that you select dur- 
ing the design stage. While you work 
on your layout, use effective layout 
practices by separating the analog from 
the digital, eliminating ground loops, 
and keeping traces as short as possible. 
Additionally, minimize the effects of 
radiated noise in your circuit's envi- 
ronment. Finally, when all else fails, 
good power- and signal-trace filtering 
may reduce your noise to tolerable lev- 
els. A word of caution: Don't go over- 
board and make your circuit as perfect 
as you can. On the contrary, design your 
circuit to be good enough and no 
better.EDN 



AT EDN.COM 



\Sgo to www.edn.com/060413bb 
and click on Feedback Loop to post a 
comment on this column. 



Bonnie Baker is the author of A Baker's 
Dozen: Real Analog Solutions for 
Digital Designers. You can reach her at 
honnie@ti.com. 
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COMPLIANT 



RoHS-We make sure 
"compliant" parts 
really are compliant. 



What's your distributor doing for you? 



Before we flag a part with our compliance symbol, 
we follow a 10-step quality process that includes: 

' Continually collecting and verifying manufacturer compliance data 
Inspecting parts against collected data specs 
Resolving discrepancies with manufacturers & notifying customers 

Read our entire quality assurance policy at www.newarkinone.com/rohs 

Buy compliant parts with confidence at www.newarkinone.com 
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It's the thought that counts. 

Cadence congratulates the winners of the 2005 EDN Innovation Awards. 

We understand that overcoming today's challenges in advanced chip and system design takes a special 
breed. People who think slightly ahead of the curve. Today's design teams must push the limits of physics 
and silicon — all while pushed by unprecedented time-to-market pressures and customer demands for 
performance and functionality. Cadence knows because we partner with many of these innovative 
companies — large and small — providing the best-of-breed solutions that help them turn their bright 
ideas into successful products. Which is why we're proud to be a sponsor of the EDN Innovation Awards. 
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EDA/'s 2005 Innovator/Innovation Program winners 





THE 

ENVELOPE, 
"LEASE! 



Each year, EDN's Innovation Awards 
honor outstanding engineering pro- 
fessionals and products. Our Innova- 
1 tor of the Year award recognizes an 
electronics engineer or engineering 
team for innovation in product 
design or technical leadership. The 
Innovation of the Year awards recog- 
nize unique, state-of-the-art electron- 
ics products in several categories. 
This year was no different. The bal- 
lots are in, your peers have spoken, 
and the winners have been revealed. 

As usual, the festivities took place 
in conjunction with the Embedded 
Systems Conference in San Jose, 
CA, on April 3. The gala featured a 
keynote address by August Capital 
venture capitalist Andy Rappaport, a 
gourmet menu, and, of course, the 
opening of the envelopes and unveil- 
ing of the winners. To top it all off, 
EDN will donate a portion of the 
proceeds from the nominations and 
the awards event to the engineering 
college or university of the Innovator 
of the Year's choice. Turn the page to 
see who took the honors, and please 
join us in congratulating this year's 
winners. 
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ANALOG ICS 

VIP50 process and products, 
National Semiconductor 

A brand-new process was the first step 
in National Semiconductor's develop- 
ment of six new precision op amps that 
offer as much as 90% power savings over 
comparable devices- The VIP50 SOI (sil- 
icon-on-insulator) BiCMOS process 
combines highly efficient bipolar transis- 
tors; analog-grade MOS transistors; 
highly matched, low-temperature-coeffi- 
cient, thin-film resistors; and laser-trim 
capability- The process dramatically 
improves the performance of the compa- 
ny's next-generation precision and low- 
power, low-voltage op amps. 

ASSPs ANDSOCs 

DIB7000'H DVB^H receiver, DiBcom 

British research company Visiongain 
predicts that the DTV-handset market 
will grow to more than 105 million units 
worldwide by 2009. In preparation for 
that popularity boom, DiBcom developed 
its DIB7000-H chip set, which allows 
consumers to watch live digital terrestri- 
al television anywhere — on their cell 
phones, in their cars, and even on their 
PDAs. The DIB7000-H can demodulate 
both DVB-H and DVB-T broadcast sig- 
nals, and it can process a 24'Mbps digi- 
tal signal in an error-free manner even 
when the receiver is traveling at 150 mph. 
The chip set incorporates a circuit block 
for IF (intermediate-frequency) and 
baseband inputs, enabling its interface to 
very-low-power RF tuners. 

COMMUNICATION ICs 

AGN300 802.11 a/b/g 

True MIMO chip set, Airgo Networks 

The Holy Grail of the connected home 
remains a "no-new-wires" way to move 
rich data streams. Airgo Networks claims 
that its newest chip set provides the speed 
and reliability necessary to enable the dis- 
tribution of content — such as media-rich 
Internet, large files, video, IPTV service, 
music, photos, and games — across a wire- 
less network without compromises in per- 
formance and remaining 100% compat- 
ible with 802.11b, llg, and 11a Wi-Fi. 

Offering connection speeds that the 
company purports are faster than 10/100 



INNOVATOR OF THE YEAR 

EinsTimer statistical-timing-tool development team, IBM Research 

Corner-based timing is painting IC designers into a corner, but the IBM 
Research EinsTimer team crafted a potential means of escape. The traditional 
static approach to ASIC-timing closure, based on "comer," or "case," files, focus- 
es on designing for worst-case scenarios. This pessimistic method leaves much- 
needed performance on the table. Worse, static tools are proving unable to com- 
prehend the random — and potentially showstopping — process variations that 
are becoming more numerous and severe as geometries shrink. 

With EinsTimer statistical-timing tool, a parameterized, block-based statisti- 
cal timer, the IBM team proved that statistical timing can be both accurate 
enough and fast enough for multimillion-gate designs. To do so, the team had 
to take on and surmount challenges including variational gate and wire mod- 
eling, statistical calculations, correlations, software architecture, and incremental 
timing. The resulting tool reduces pessimism, provides efficient process cover- 
age, and demonstrates the viability of concepts that will become even more 
important as the design process itself becomes more probabilistic. 



Ethernet, the chip set eliminates the need 
for unsightly and inflexible wired con- 
nections between devices in the home, 
such as routers, laptops, PCs, set-top 
boxes, game consoles, and TVs. In addi- 
tion, Airgo 's third-generation technolo- 
gy makes the wire-free office a reality. 

DIGITAL ICS/ 
PROGRAMMABLE LOGIC 

Fusion mixed'signal FPGA, Actel 

Fusion combines mixed-signal-analog 
capabilities with large amounts of flash 
memory and an FPGA fabric. The Fusion 
PSC (programmable -system chip) brings 
the benefits of FPGAs to applications 
that discrete analog-component and 
mixed-signal-ASIC suppliers have his- 
torically served. 



BEST CONTRIBUTED 
ARTICLE OF 2005 

"Minimizing switching-regulator 
residue in linear-regulator outputs,** 

by Jim Williams, Linear Technology, 
Dec 5, 2005. To read the article, 
visit www.edn.com/article/ 
CA6288040. 



The technology takes advantage of a 
high-isolation, triple-well process, along 
with Actel's ability to support high-volt- 
age transistors. Fusion peripherals 
include hard analog IP (intellectual prop- 
erty) and both hard and soft digital IP, 
such as Actel's CoreMP? and 805 1 -based 
microcontroller cores. Cores communi- 
cate across the FPGA fabric by means of 
a layer of soft gates called the Actel 
Fusion Smart Backbone. More than a bus 
interface, the backbone integrates a 
microsequencer within the FPGA fabric, 
which configures the individual periph- 
erals and supports low-level processing of 
peripheral data. 

DIGITAL-SOC 

INTELLECTUAL PROPERTY 

Dynamic Point-to-Point technology, 
Rambus 

One of the most frustrating roadblocks 
that today's engineers face is balancing 
the necessary trade-offs between memo- 
ry performance for capacity and expand- 
ability. Rambus' DPP (Dynamic Point-to- 
Point) technology aims to eradicate per- 
formance deficiencies inherent in previ- 
ous approaches. 

The DPP inventors anticipated the 
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future direction of the market and imple- 
mented high-speed differential signaling. 
DPP technology allows designers to max- 
imize memory capacity without compro- 
mising the signal- integrity benefits of 
point-to-point signaling. DPP technolo- 
gy allows PCs or home servers to use a 
single memory module at full bandwidth 
but with an option for a second module 
upgrade on a fixed datapath. This feature 
enables eight times greater memory band- 
width than previous technologies for 
consumer, multimedia, and computing 
systems — and still supporting tradition- 
al modules and new- application form 
factors. 

EDA (DESIGN AND 
IMPLEMENTATION) 

EinsTimer statistical-timing tool, 
IBM Research 

After winning accolades and finally the 
best paper award at the 2004 DAC 
(Design Automation Conference) for 
advancements in statistical-timing- 
analysis research, IBM Research made its 
EinsTimer statistical-timing tool com- 
mercially available in 2005. The tool 
gives a truer account of circuit perform- 
ance than static tools, which corner files 
drive. These corner files sometimes pro- 
vide pessimistic design scenarios. The 
EinsTimer statistical-timing tool seem- 
ingly debunks the long-held myth that 
accurate statistical analysis of multimil- 
lion-gate designs is computationally 
intractable. For more details, see "IBM 
makes EDA play, offers commercial sta- 
tistical-timing tool" at www.edn.com/ 
article/CA605769. 

EDA (VERIFICATION AND 
ANALYSIS) 

FireBolt full-chip thermal-analysis soft- 
ware, Gradient Design Automation 

Introduced in June 2005, Gradient 
Design Automation's FireBolt IC ther- 
mal-analysis tool is unique in that it 
addresses thermal analysis from an IC- 
design perspective rather than from a 
packaging or systems perspective. Heat 
worsens transistor leakage, so by gaining 
a better understanding of on-chip thermal 
issues, users can better check their designs 
and thus see how their overall systems 
conform to low-power requirements. For 



more details, see "EDA start-up targets IC 
thermal hot spots" at www.edn.com/ 
article/CA607747. 

EMBEDDED SYSTEMS 

XPort AR embedded-processor module, 
Lantronix 

The Lantronix XPort AR is the first 
embedded-device server that goes beyond 
simple network connectivity to provide 
manufacturers with intelligence at the 
network edge by incorporating standards- 
compliant information- transport and 
security protocols. The XPort AR mod- 
ule includes a complete embedded com- 
puter and an Ethernet 10/100 interface, 
along with an onboard network operat- 
ing system and Web server in an RJ45 
package about the size of two sugar cubes. 
You can use the fully integrated XPort AR 
as a device's CPU, allowing developers to 
add their own device-specific intelligence 
through an API (application-program- 
ming interface). The POE (power-over- 
Ethemet) pass-through feature eliminates 
the need for power cables to the device, 
making the XPort AR the first fully IEEE 
POE standards-compliant embedded-de- 
vice-server module. 

POWER ICS 

STw4141 dc/dc-converter IC, 
STMicroelectronics 

STMicroelectronics' STw4141 dc/dc 
converter allows, for the first time, gen- 
eration of two output voltages using a sin- 
gle external coil, thereby allowing parts- 
count reduction in both pc-board area 
and manufacturing cost in applications 
that require two power rails. The device 
supplies digital baseband and multimedia 
processors in portable-system applica- 
tions, such as mobile phones, digital still 
cameras, and PDAs, which operate 
under tight pc-board-area, cost, and 
power-consumption constraints. 

Typically, processors that these appli- 
cations use require separate supplies for 
the core, which can run on voltages as 
low as 0.9V in new designs, and the I/O 
circuitry. Current practice is to use two 
standard step-down dc/dc converters, 
each of which requires a coil, two or more 
external capacitors, and, in some cases, 
external resistors to set the output volt- 
age. All dc/dc converters require an exter- 



nal coil, which significantly impacts the 
BOM (bill-of-materials) and the appli- 
cation costs. With its single-coil/dual-out- 
put architecture, the STw4141 cuts the 
BOM cost by as much as 40% and reduces 
pc-board size by 30%, compared with pre- 
vious standard-supply approaches. For 
example, you can implement a complete 
STw4141 design using only 56 mm^ of pc- 
board area, compared with approximate- 
ly 80 mm^ for the best alternative 
approaches. 

POWER SYSTEMS 
AND MODULES 

LTM4600 high-power dc/dc 
micromodule, Linear Technology 

Linear Technology's LTM4600 is the 
first high-power dc/dc module that meets 
the spacing and assembly requirements of 
densely populated boards, such as ad- 
vanced embedded systems. This encap- 
sulated jJuModule dc/dc power supply 
comes in a 15X15X 2.8-mm LGA pack- 
age. This complete power supply is small- 
er than most FPGAs and processors. 
Because it has only a 2.8-mm profile, you 
can place the LTM4600 on the backside 
of a board without adding significant 
thickness to the end product. 

The fJuModule is rated for 20 and 28V 
input operation. The output voltage is 
adjustable with a single resistor from 0.6 
to 5 V. The device can deliver as much as 
lOA of output current and offers fast tran- 
sient response to fast-changing load-cur- 
rent transients. 

PROCESSORS 

CT3600 multicore DSP, 
Cradle Technologies 

Cradle Technologies' CT3 600 multi- 
core devices comprise two computation- 
al quads that symmetrically organize eight 
to 16 digital- signal processors with four to 
eight general-purpose processors targeting 
multimedia applications. 

To support high data throughput for the 
multiple cores, the CT3 600 architecture 
employs a three-tier memory hierarchy, a 
wide and flexible DDR SDRAM inter- 
face, a 64'bit internal global bus, and sev- 
eral dedicated I/O and DRAM DMA 
engines. The smart I/O subsystem com- 
prises as many as 18 pin groups of eight 
pins each, which a PLA block and a series 



36 EDN I APRIL 13, 2006 




Finally... a Step 
Down That Meets 
Everybody's Needs 

Intersil knows that different applications have 
different design needs. That's why we've created the 
ISL6420A wide V|n Step Down Controller. In addition 
to the flexibility to support multiple input voltages, 
this device combines control, output adjustment, 
monitoring and protection into a single package. 

The ability to address a wide input voltage range of 4.5V to 28V gives 
the ISL6420A unmatched flexibility for use in most general purpose 
applications. It also has resistor-selectable switching frequency from 
100kHz to 1 .4MHz. Add all this up and Intersil has made choosing the 
right switching regulator for your design.. .well, like a day at the beach. 




r 



Excellent output voltage 
reference at ±1.0%RAOLT 
providing unmatched stability. 



Simple, single-loop control design 
offers PWM control without 
unnecessary system complexity. 




Diode emulation during 
startup for pre-biased 
load applications. 



Output voltage margining 
provides added safety to 
I application. 



Adjustable operating 
frequency from 
100kHz to 1.4MHz. 



Programmable soft-start ' 
available through EN/SS j 
pin capacitor value setting, j 



Key Features: 

— Operates from 4.5V to 28V input 

Excellent output voltage regulation with 
0.6V internal reference with ±1 .0% 
ROALT 

^ Resistor-selectable switching frequency 
from 100kHz to1.4MHz 

Voltage Margining and External 
Reference Tracking 

^ Output can sink or source current 

^ Lossless, programmable overcurrent 
protection using upper MOSFET's 
rDS(on) 

■ — Programmable soft-start 

Simple single-loop control design 
Fast transient response 

^ High-bandwidth error amplifier 

^ Full 0% to 100% duty cycle 

— Pgood with programmable delay 
enables integrated supervisory function 



Datasheet, samples, and 
nnore information available 
atwww.intersil.com ^ 



Intersil - Switching Regulators for precise power delivery. 

©2005 Intersil Americas Inc. All riglits reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design). 
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Featuring ready-to-run WinDaq® 
software for applications in: 

✓ Heavy Industry 

✓ Field maintenance and 
troubleshooting 

✓ Design qualification 

✓ Process monitoring 

✓ Stand-alone data logging 

Starter Kits from $24.95 

IgDATAQ' 
Bl INSTRUMENTS 

www.dataq.com/edns 



of FIFOs support- Each pin group is fully 
programmable for data, control, or a com- 
bination of the two. 

SENSORS AND COMPONENTS 

ADNS-6010 laser-based optical- 
mouse sensor, Avago Technologies 

PC gamers demand the highest accu- 
racy and most responsive tracking from 
their input devices- A fraction of a sec- 
ond's delay in response or a minor inac- 
curacy in position could mean the differ- 
ence between victory and defeat. 

To help address this need, Avago Tech- 
nologies developed a high-performance, 
laser-based optical-mouse sensor primarily 
aiming at gaming mice. The sensor allows 
manufacturers to offer mice that are ideal 
for the requirements of today's highest 
performance PC games. For FPS (first- 
person-shooter) games, the user wants 
extreme efficiency in hand movement 
and cursor responsiveness. Pro gamers use 
special surfaces, such as metal and slick 
plastic, to assist their hand movements. 

SOFTWARE 

Lab View 8, National Instruments 

Lab View 8 is an upgrade of National 
Instruments' Lab View graphical-devel- 
opment platform. The tool offers distrib- 
uted intelligence and a suite of new capa- 
bilities that allows engineers and scien- 
tists to easily design, distribute, and syn- 
chronize intelligent devices and systems. 
The software features a new project-based 
environment for developing and manag- 
ing large-scale applications, as well as the 
latest in Express technology for simplified 
instrument control. 

Together with significant updates to the 
LabView real-time module, LabView 
FPGA module, LabView PDA module, 
and LabView data-logging and supervi- 
sory control module, LabView 8 presents 
a simplified, scalable interface for com- 
municating with and synchronizing 
remote intelligent devices and systems, 
such as real-time processors and FPGAs. 

TEST AND iVIEASUREMENT 
(APPLICATION SPECIFIC) 

N4903A high-performance serial 
BERT with jitter- tolerance testing, 
Agilent Technologies 

The next generation of gigabit serial- 
bus standards is approaching. Data rates 
of 5 Gbps and beyond will cause signal- 
integrity and jitter issues during design 



and characterization of chips and systems. 
Agilent Technologies' N4903 A high-per- 
formance serial BERT (bit-error-ratio 
tester) provides complete jitter- tolerance 
testing for the smartest characterization 
of gigabit-per-sec serial devices. 

The N4903 A offers complete, built-in, 
and calibrated jitter-composition meas- 
urement for stressed-eye testing of 
receivers to 12.5 Gbps. Automated and 
compliant jitter- tolerance testing allows 
quick and accurate characterization for 
all popular serial-bus standards. 

TEST AND MEASUREMENT 
(BROAD APPLICATION) 

WaveExpert near-real-time 
digital oscilloscope, LeCroy 

Engineers who characterize semicon- 
ductor devices, high-speed clocks, and 
other electronic and optical devices that 
produce high-frequency signals and fast 
serial-data streams have for many years 
used sampling oscilloscopes. They do so, 
in part, because real-time scopes, though 
they have other advantages over sampling 
scopes, lack the bandwidth to make accu- 
rate measurements on ultrafast signals. 
Sampling scopes have their own prob- 
lems, though, which make them much 
less user-friendly than real-time scopes. To 
combine the best features of both instru- 
ment classes, LeCroy has created a new 
category — NROs (near-real-time oscil- 
loscopes), which combine sampling 
scopes' high-bandwidth-measurement 
capability with real-time scopes' long 
memory and throughput speed. 

The WaveExpert NRO's CIS (coher- 
ent interleaved sampling) changes the 
way sampling occurs. CIS employs a data- 
acquisition technique that uses a phase- 
locked sampling strobe that is referenced 
to a user-supplied or recovered clock. This 
feature allows the WaveExpert, at lOM 
samples/sec, to acquire data at least 50- 
times as fast as the fastest sequential-sam- 
pling scope. The WaveExpert can also 
acquire a minimum of 1000 times as many 
data points.EDN 



On our dedicated Innovation Web 
page, you will find not only more in- 
depth descriptions of our nominees 
and winners, but also a photo gallery 
of the awards event, a history of our 
Innovation Awards, and details on 
next year's program. 
www.edn.com/innovation 
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Intersil Battery Charger ICs 



High Performance Analog 



The Scariest Thing 
Inside Your Handheld 
Should Be Your Pictures 

There is a real monster out there. Protect your 
customers from the onslaught of counterfeit and 
non-OEM battery packs with Intersil's innovative 
Dual Fault Tolerant charging system. Our 
integrated triple-level protection approach reduces 
components and cost while improving design 
flexibility and system reliability. 

The ISL9200 is a Fault Protection IC optimized to provide redundant safety 
protection in Li-ion battery charging systems. Together with the ISL6292 
Battery Charger IC, Intersil's integrated battery charging system will keep 
even a counterfeit battery within safe operating limits. 



Intersil's Dual Fault Tolerant Architecture 



AC Adapter 



Integrated single-cell Li-ion or 
Li-polymer battery charger 
capable of operating with an 
input voltage as low as 2.4V. 




The ISL9200 monitors the 
input voltage, the battery 
voltage, and the charge 
current. When any of the 
three parameters exceeds its 
limit, the IC removes power 
from the charging system. 



Dual-Fault FMEA (Failure Mode and Effects Analysis) 



POTENTIAL FAILURES 
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Consequence of Dual Failure 


• 


• 






will fail but the protection module in the battery pack will protect the battery cell. 


• 




• 




Both and O will protect the battery cell. 


• 






• 


will limit the battery voltage. has an additional level of protection. 




• 


• 




The protection module in the battery pack protects the cell. 




• 




• 


will limit the battery voltage to 4.2V, within 1 % error. 






• 


• 


will sense an over voltage case and remove the power from the system. 



User programmable overcurrent 
protection threshold 

Input overvoltage protection in less 
than 1 fjs 

Battery overvaltage protection 

High immunity of false triggering under 
transients 

High accuracy protection thresholds 

Warning output to indicate the 
occurrence of faults 

logic warning output to indicate fault 
and an enable input to allow system to 
remove input power. 

Small, thermal enhanced DFN 
package. 

Pb-free and RoHS compliant 



Datasheet and more information 
available at www.intersil.com. ^ 



Intersil - Switching Regulators for precise power delivery. 
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HIGH PERFORMANCE ANALOG 



BY DAN STRASSBERG • CONTRIBUTING TECHNICAL EDITOR 



WITH A SUITABLE 
PROTOCOL, SUCH 
AS ZIGBEE, SENSORS 
THAT DON'T HAVE A 
LOT TO SAY OR HEAR 
NEEDN'T CONSUME 
MUCH ENERGY TO 
KEEP IN TOUCH. 
SOMETIMES, AN 
ALKALINE CELL CAN 
PROVIDE ALL THE 
POWER THEY NEED 
FOR AS LONG AS A 
DECADE. 

NET 



he folks at the ZigBee AlUance, the industry 
organization driving ZigBee WPAN (wire- 
less-personaharea-networking) technology, 
mean it when they say that they've learned 
valuable lessons from the miscues of the pro- 
ponents of another such technology: Blue- 
tooth. Bluetooth is now well-established and 
is here for the long haul — at least in the nar- 
rowly targeted market niche of wireless head- 
sets for cell phones and portable entertain- 
ment devices. However, its advocates' early 
misadventures with creeping elegance al- 
most sank the standard while it was still in its formative stages 
and certainly delayed its widespread deployment. The lesson: In 
this era of wireless everything, trying to be all things to all people 
is an almost-sure-fire recipe for failure. 




ZigBee's creators based it on the IEEE 
802. 15.4 wirelesS'Communication stan- 
dard and named it for the zigzag "dance" 
that honeybees use to communicate the 
location and distance of sources of nec- 
tar. It is a technology that knows its place- 
It targets sensors, but not even all sen- 
sors — just low-speed devices that need to 
send data no more often than about once 
per second- There are several reasons for 
this focus: If a sensor is to be wireless, 
eliminating the signal wiring doesn't 
accomplish much if power wiring is still 
necessary. So, at least initially, most Zig- 
Bee sensors will be battery-powered. Most 
sensors are small, suggesting that battery- 
powered versions must not be much larg- 



er. Therefore, the batteries need to be 
small, and small batteries store only mod- 
est amounts of energy. 

To achieve acceptable battery life, the 
sensors and their communication circuits 
must therefore use power sparingly. The 
most straightforward way to achieve this 
goal is to minimize the duty cycle — in 
this case, the percentage of time that a 
device is on the air. When not commu- 
nicating, the device is in a low-power 
sleep mode. Most sensors generate mes- 
sages that last only a few milliseconds at 
802.15.4's data rate of 250 kbps at 2.4 to 
approximately 2.48 GHz. The rates are 40 
and 20 kbps, respectively, at 902 to 928 
MHz and 868 to 870 MHz. Because the 



WORKS 

will free many 
sensors from wires 
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AT A GLANCE 

El ZigBee is a low-power, relatively 
low-speed wireless-personal-area- 
networking technology that aims 
at sensors. 



El By not attempting to be 

all things to all people, ZigBee is 

getting a warm reception. 



El Alkaline batteries will power most 
initial ZigBee devices. However, 
energy harvesting, which scavenges 
small amounts of energy from the 
environment, such as from light and 
vibration, offers the hope of eliminat- 
ing batteries from some ZigBee 
applications. 



El ZigBee will make slow and steady 
inroads into industrial applications. A 
conservative approach is warranted, 
because demonstrating the reliability 
of a low-speed protocol takes time. ^ 

transition from sleep mode to data trans- 
mission takes approximately 15 msec, a 
sensor that sends, on average, one mes- 
sage per second usually operates at a duty 
cycle of 2% or less in the 2.4'GHz band 
and little more in the 868- and 915'MHz 
bands. Many sensors send messages 
much less often. For these sensors, the 
duty cycle is so low that the battery life 
can essentially equal the battery's shelf 
life: as long as 10 years for alkaline cells. 

SOLID RATIONALE 

The rationale for having a standard for 
networks of wireless sensors is a lot more 
serious than, "Everything is going wireless 
these days, so why not sensors?" Many 
applications involve large numbers of sen- 
sors. In such cases, the cost of mounting 
and wiring the sensors can greatly 
exceed the cost of the sensors themselves. 
Of course, ZigBee doesn't address the not 
entirely facetious issue of having sensors 
fly unaided to and then perch at the spot 
where you'd like them mounted, so part 
of the cost of sensor installation remains 
even with wireless sensors. 

ZigBee targets a wide range of building- 
automation, industrial, medical, and res- 
idential-control and -monitoring appli- 



cations. Applications that require IEEE 
802.1 5. 4's interoperability, RE character- 
istics, or both can benefit from ZigBee. 
Examples include: lighting controls; 
remote reading of electric, gas, and water 
meters; wireless smoke- and carbon- 
monoxide detectors; HVAC (heating, 
ventilating, and air-conditioning) and 
environmental controls; home security, 
intrusion, and motion detectors; blind, 
drapery, and shade controls; medical sens- 
ing and monitoring; universal remote 
control of set-top boxes that include 
home-control functions; and industrial 
and building automation. The first ZigBee 
products — for home-control, -safety, and 
-security applications — should appear in 
stores by midyear. Packaging for these 
products will prominently display the Zig- 
Bee logo (Figure 1). 

The ZigBee specification overlays net- 
work-, security-, application-framework-, 
and application-profile layers atop 
802.15.4's PHY (physical) and MAC 
(media-access-control) layers (Figure 
2). The 802.15.4 standard's 2.4'GHz ver- 
sion is usable in unlicensed bands world- 
wide. It specifies O-QPSK (offset-quad- 
rature-phase-shift-keying) modulation 
with half-sine pulse shaping, which is 
equivalent to MSK (minimum- shift key- 
ing). Each symbol carries 2 bits, channel 
spacing is 5 MHz, and there can be as 
many as 16 channels. Although devices 
do not frequency-hop among the chan- 

ZIGBEE DOESN'T AD- 
DRESS THE NOT ENTIRELY 
FACETIOUS ISSUE OF 
HAVING SENSORS FLY 
UNAIDED TO AND THEN 
PERCH AT THE SPOT 
WHERE YOU'D LIKE 
THEM MOUNTED. 

nels, selecting channels can often opti- 
mize reception. To minimize interference 
among the networked devices and — in 
conjunction with other techniques — to 
enhance data security, the 2.4'GHz ver- 
sion also uses 2M-chip/sec DSSS (direct- 
sequence-spread-spectrum) coding. The 
less-than-l-GHz versions use BPSK 



ZigBee 



^2.4 GHz 
^Home 

Figure 1 Like the standard it represents, 
the easily recognized ZigBee logo pres- 
ents a simple, straightforward message to 
the customer. This version appears on the 
packages of consumer products that 
operate in the 2.4-GHz band. Versions 
also exist for products that operate in the 
less-than-1 -GHz bands (courtesy ZigBee 
Alliance). 



(bipolar phase-shift keying) with root- 
raised-cosine pulse shaping and, in the 
915-MHz version, 2 -MHz channel spac- 
ing. (The 868-MHz band has room for 
only one channel.) BPSK transmits only 
1 bit per symbol. In the 868-MHz (large- 
ly European) and the 915-MHz (western 
hemisphere plus Australian) versions, 
respectively, the data rates are 20 and 40 
kbps, and the DSSS chip rates are 300k 
and 600k chips/sec. 

In all three bands, the 802.15.4 MAC 
layer uses CSMA/CA (carrier- sense mul- 
tiple access with collision avoidance) — 
fundamentally the same mechanism that 
Ethernet uses. A device that wants to 
transmit wakes from sleep mode and first 
listens for activity on its channel. If it 
detects activity, it goes back to sleep for 
a random interval and then reawakens 
and again listens for activity. If it hears 
none, it sends its message. Of course, two 
or more devices can be listening simulta- 
neously — in preparation for sending 
data. Several of them might incorrectly 
conclude that the coast is clear and begin 
transmitting at the same time. 

MESSAGE GETS THROUGH 

According to ZigBee Alliance mem- 
bers, because of the DSSS coding, the 
chances are good that the messages will 
get through despite the interfering trans- 
missions. But if a sender does not receive 
an acknowledgment, it goes back to sleep 
for a random period and then tries again 
to send its message. The obvious problem 
with CSMA/CA is its nondeterministic 
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Longer Run -Time 

96% Efficient Buck-Boost Converter 



TheTPS63000 buck-boost DC/DC converter delivers up to 96% peak efficiency over a wide 
input voltage range of 1.8 V to 5.5 V up to 1.2 A. Extending battery life in one-cell, Li-Ion powered 
multimedia handhelds, theTPS63000 provides up to 28% greater run-time compared to a standard 
buck converter with a 3.3-V output - all from a space-saving 3x3 mm^ QFN package. 



Efficiency at 320mA 









m 


























320mA 


























[ 




Voltage 1 


^ange of Today's B< 


atteries 


















Voltage Range of 


Future Batteries 





















High Performance. Analog. Texas Instruments. 

For datasheet, evaluation module and samples, 
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latency- That is, system designers can't be 
certain how long any message will take to 
reach its intended recipient- However, as 
Ethernet proved decades ago, when it was 
much slower than it is today, the scheme 
works admirably in many common appli- 
cations- Also, the longer you can wait for 
a response, the greater the likelihood that 
the system can meet your needs. 



For those who must have determinis- 
tic latency, however, the IEEE standard 
provides two additional mechanisms that 
together guarantee it within a tight tol- 
erance. Beacons are special messages that 
are permitted in certain ZigBee network 
topologies- Beacons wake up client 
devices, which listen for their address and 
go back to sleep if they don't receive it. 



It is possible to designate times, separat- 
ed by multiples of 1538 msec to a maxi- 
mum of 252 sec, when the devices must 
listen for beacons. A beacon can an- 
nounce a superframe, another kind of spe- 
cial message, which provides 16 time slots 
between beacons. During these slots, des- 
ignated devices receive contention-free 
network access. 



OVER-THE-AIR SOFTWARE DOWNLOAD IN WIRELESS-SENSOR NETWORKS 

By Larry Friedman, Texas Instruments 



A characteristic of wire- 
less-sensor networks is 
their lack of physical con- 
nectivity (wiring) between 
the sensor/actuator array 
and the network. Al- 
though the absence of 
wires simplifies placing 
hardware in hard-to-reach 
locations, when software 
upgrades become neces- 
sary, you can't fall back 
on wires for downloading 
the new code. OAD (over- 
air downloading) solves 
this problem, but you 
must address several 
issues to successfully 
implement OAD. Texas 
Instruments supports 
OAD with the Chipcon 
Wireless OAD product. 

In a layered transport 
architecture, such as 
ZigBee/802.15.4, support 
for a scheme such as 
OAD is a matter of writ- 
ing an application. The 
layer at which this appli- 
cation exists is a design 
choice, and the choice 
has implications. For 
example, writing OAD 
support as a ZigBee 
application allows use of 
the entire stack as infra- 
structure to support mul- 
tihop routing, thus elimi- 
nating the need for prox- 
imity between the source 
and the target. Using a 
MAC (media-access con- 



trol)-layer application 
would sacrifice this net- 
work-routing support to 
reduce the size of the 
file-transfer-support 
code. All methods require 
a repository of some size 
to store the downloaded 
code. 

OAD support must be 
fail-safe. It must be ro- 
bust enough to survive 
transmission errors, inter- 
rupted file transfers, and 
interrupted enabling of 
the new code-that is, 
interrupted flashing of 
the new image. If any of 
these steps fail, the 
device's remaining soft- 
ware must be able to 
recover. The file transfer 
itself must also be 
secure. 

To deal with interrupted 
transfers, the software 
must meet two condi- 
tions. First, the software 
entity that supports the 
transfer on the target 
must remain intact until 
the transfer succeeds. 
Second, you cannot 
expect the portion being 
transferred to operate 
until the transfer is com- 
plete. These two require- 
ments together imply that 
the downloaded-code 
repository must store the 
transferred portion of the 
new code, and this por- 



tion cannot disrupt the 
code that implements the 
transfer. If the code 
meets these conditions, 
the code supporting an 
interrupted transfer can 
retry the transfer at its 
next opportunity. 

MITIGATING ERRORS 

Frame-check sequences 
in the ZigBee stack miti- 
gate transmission errors. 
Various layers each use 
these sequences to pro- 
vide their own level of 
guaranteed-delivery sup- 
port. In addition, you can 
apply a mechanism such 
as CRC (cyclic redundan- 
cy check) over the entire 
transferred file for a final 
check and to detect in- 
complete flashing of the 
newly downloaded code 
entity. Both ZigBee and 
the 802.15.4 MAC and 
PHY (physical) layers 
also support file-transfer 
security. 

The file-upgrade-distri- 
bution architecture ad- 
dresses how the target 
platform "knows" that an 
upgrade is necessary. Tl's 
approach uses a man- 
aged client-server tech- 
nique in which a manage- 
ment tool determines the 
code versions on each 
platform and assigns 
client and server roles 



depending on the plat- 
form's location and the 
code's availability. The 
penetration of the new 
code increases as more 
target platforms receive 
the code. Each upgraded 
client can then become a 
server to another client. 
The management tool 
assigns these roles on 
the fly. This technique 
works because these net- 
works, though often 
large, are well-defined 
and reasonably stable. 
A management tool 
makes sense in this 
environment. 

Author's biography 
Larry Friedman is a soft- 
ware-design engineer for 
low-power wireless 
devices at Texas Instru- 
ments Inc. He holds a 
bachelor's degree in psy- 
chology from Duke 
University (Durham, NC) 
and a PhD in psychology 
and computer science 
from the University of 
Maryland (College Park, 
MD). For the last 15 
years, he has worked in 
design, development, and 
firmware architecture for 
small to midsized embed- 
ded systems and wired 
and wireless distributed- 
control and sensor/actua- 
tor platforms. 



I 



I 
f 

I 



44 EDN I APRIL 13, 2006 



LMH® High-Speed Buffers With Up 
to 300 mA Continuous Output Current 



New LMH6321 Delivers ±5 mA and ±5% Accuracy 

Features 

• Stable ±300 mA continuous current 
while driving large capacitive loads 

• 10 mA to 300 mA at ±5 mA, ±5% 
accurate adjustable current limit 

• Thermal shutdown protection prevents 
overheating 

• ± 1 5 V Supply voltages allows wide 
output voltage swings 

• High-speed and high output current for 
a high-performance system solution 



Ideal for use in automatic test equipment, 
instrumentation, industrial controls, and 
factory automation 



Product ID 


Description 


Features 


LMH6321 


Single, high-speed buffer with 
adjustable current 


100 MHz SSBW, 1000 V/p Slew rate, 300 mA continuous output current with 5 mA and 
5% accuracy, 5 to ±15V supply voltage range 


LMH6718 


Dual, selectable gain buffer, 
Av = -1,+1,or+2 


130 MHz SSBW, 200 mA Output current, 2.6 mA/ch supply current, 2nd/3rd HD: 
-84/-84 at 1 MHz 


LMH6559/60 


Single/quad, unity gain buffers 


1 .75 GHz / 680 MHz SSBW, 4580 / 3100 V/p Slew rate, 74 mA output current, 3 to ±5V 
supply voltage range 


LMH6739 


Triple, 90 mA high-output 
current with shutdown 


750 MHz SSBW, 3300 V/p Slew rate, 1 1 mA/channel, 2nd/3rd HD: -80/-90 at 5 MHz 


LMH6704 


Single, selectable gain buffer 
with shutdown 


650 MHz SSBW, 3000 V/p Slew rate, 1 1.5 mA/channel, 2nd/3rd HD: -62/-78 at 10 MHz 



Non-Inverting Buffer Application Diagram 





Tips, tricks, and techniques from the 
analog signal path experts. Sign up at 



amplifiers.national.com 



Or call 1-800-272-9959 — t t O fl d I 



Semiconductor 



• 8-BIT MICROCONTROLLER 

• FULL PROTOCOL STACK: 
LESS THAN 32 kBYTES 

• SIMPLE NODE-ONLY STACK: 
APPROXIMATELY 4 kBYTES 

• COORDINATORS REQUIRE 
EXTRA RAM 

-NODE-DEVICE DATABASE 
-TRANSACTION TABLE 
-PAIRING TABLE 



APPLICATION 


t 

CUSTOMER 

1 


APPLICATION INTERFACE 








NETWORK LAYER 






DATA-LINK LAYER 







□ SILICON 

□ ZIGBEE STACK 

□ APPLICATION 



MAC LAYER 


ZIGBEE 
ALLIANCE 


MAC LAYER 


IEEE 

1 , 




PHY LAYER 



Figure 2 ZigBee is a layered protocol. IEEE standard 802.15.4 governs the bottom 
(green) layers. The ZigBee specification governs the middle (orange) layers. The cus- 
tomer controls the topmost application layer (gold). Orange denotes the layers that 
constitute the stack contained in ZigBee-platform ICs (courtesy ZigBee Alliance). 



The ZigBee Alliance's slogan or posi- 
tion statement is "Wireless control that 
just works-" From all indications available 
at this early date, ZigBee is living up to 
that slogan, but it took a lot of work and 
technology to make wireless control "just 
work." Version LO of the ZigBee specific 
cation (Reference 1), which you can 
download at no charge from the Alliance 
Web site, runs 426 pages, and the PDF file 
fills almost 8 Mbytes- Moreover, the spec 
does not deal with the PFIY and MAC 
issues that the 5'Mbyte, 679'-pg IEEE 
802A5A^2003 standard covers (Refer^ 
ence 2). In other words, even though Zig- 
Bee is a well-focused, low-power, rela- 
tively low'Speed protocol, its developers 
have invested a huge amount of effort to 
ensure that users find that it works with- 
out wheel-spinning or fuss- 

One aspect of wireless-communication 
protocols that should concern all poten- 
tial users is data security- Although you 
may wonder how much harm an inter- 
loper outside your house could do if he 
were able to, say, find out — or even 
change — the setting of your downstairs 
thermostat, the stakes are a lot higher in 
industrial and commercial applications. 
And, even in the home-thermostat exam- 
ple, the interloper might be able to cause 
very expensive mischief, such as frozen 



water pipes. ZigBee's DSSS coding pro- 
vides a first level of security, but ZigBee 
also uses a security-toolbox approach to 
ensure reliable and secure networks. 
Access-control lists, packet-freshness 
timers, and 128-bit encryption based on 
the NIST (National Institute of Stan- 
dards and Technology) -certified Ad- 



vanced Encryption Standard help to pro- 
tect data transmission and ZigBee net- 
works themselves. 

ZIGBEE PROFILES 

A cornerstone of ZigBee is the profile, 
an example of which is home-control 
lighting. The initial version of this pro- 
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Figure 3 Though it applies to a less-than-1 -GHz device, this platform is typical of single-chip ZigBee platforms. The ZigBee platform 
is on the left. The block at the right contains the application-specific functions (courtesy ZMD). 



46 EDN I APRIL 13, 2006 



8 Bits and 3,000,000,000 Conversions 
Per Second 



Nationals 8-bit, 2 x 1.5 GSPS ADC Delivers Unmatched Performance and 
Industry's Lowest Power 



ADC08D1500 Performance (typical) 

• 7.4 Effective Number of Bits (ENOB) 

• 1.75 GHz full power bandwidth 

• DNL ±0.25 LSB 

• Operating power of only 1.8W 
(no heat sink required) 

ADC08D1500 Features 

• Interleaved Dual-Edge Sampling (DES) 
mode enables up to 3 GSPS operation 

• Choice of single or dual data rate output 
clocking 

• Serial interface for extended control (gain, offset) 

• Demultiplexed LVDS outputs simplify 
data capture 

^^Hz ADC Development Board 

• Includes ADC08D1500 and Xilinx Virtex-4 
FPGA 

• Reusable reference design 

• Software: Xilinx Virtex-4 Verilog reference 
code and PC software 

• Hardware: development board, power supply, 
and USB cable 



Ideal for use in direct RF down conversion, 
digital oscilloscopes, communications systems, 
and test instrumentation 



^^^^^^^^ 



ADC08D1500 Development Platform 
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SNR vs Input Frequency at 1.5 GSPS 
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For samples, datasheets, and more information 
on the ADC08D1500, contact us today at: 



national.com/adc 



Or call 1-800-272-9959 
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PICO 



LIRA MINIATURE 




Low Profile 

.24" ht 




• Manufactured and tested 
to MIL-PRF-27 

• Frequency range 
20 Hz to 250 KHz 

• Available from || 
700 milliwatts to 3 watts 

• Impedance from 20 ohms 
to 100 K ohms 

• Operating temperature 
-55'C to +730°C 

• Low Profile .24" ht 




^ See EEM 

^l^k^ or send direct 
for FREE PICO Catalog 
Call toll free 800-431 - 1 064 
^ in NY call 91 4-738-1 400 
ni^^ Fax 914-738-8225 
m^l^^^J ElectronicSjInc. 

143 Sparks Ave.. Pelham, N.Y. 10803 

E Mail: info@picoelectronics.com 
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file permits a series of six device types to 
exchange control messages to form a 
wireless home-automation application. 
These devices exchange well-known mes- 
sages to effect control, such as turning a 
lamp on or off, sending a light- sensor 
measurement to a lighting controller, or 
sending an alert message if an occupan- 
cy sensor detects movement- Another 
example is the device profile that defines 
actions common to ZigBee devices- For 
example, wireless networks rely on au- 
tonomous devices' ability to join a net- 
work and to discover other networked 
devices and the services they offer. The 
device profile supports device and service 
discovery. 

The ZigBee specification allows device 
manufacturers to establish proprietary 
profiles that implement features you 
won't find in other manufacturers' prod- 
ucts. The Alliance intends, however, that 
such proprietary features shouldn't pre- 
vent devices from different manufactur- 
ers from operating together in networks. 
That is, devices that implement propri- 
etary profiles should still perform their 
basic functions even if other network 
devices lack features that the proprietary 
devices need to implement their unique 
capabilities. 

The ZigBee-platform portion of a Zig- 
Bee device implements the RF- and 
baseband-communication functions. Al- 
though multichip ZigBee platforms are 



currently common, expect the most com- 
mon platform configurations to soon use 
one chip — not the identical design in all 
platforms, but a single chip from any of 
several suppliers (Figure 3). Different 
manufacturers' platform chips, which are 
expected to cost approximately $5 each 
in production quantities, will differ in 
detail and depending on whether the 
intended use is at 2.4 GHz or at 868/915 
MHz. Despite these differences, howev- 
er, the ICs will perform all of the func- 
tions that are related to ZigBee but aren't 
specific to particular applications. Besides 
the RF functions, these chips will contain 
a processor and sufficient nonvolatile 
rewritable — that is, flash — memory to 
hold the ZigBee software stack. 

Software, of course, plays a central role 
in ZigBee, and you can make a good case 
that no implementation of a software - 
dependent protocol is complete without 
a way of performing software upgrades. 
However, in a wireless environment, such 
upgrades present special problems that 
designers must work through in advance 
of deployment (see sidebar "Over- the- air 
software download in wireless-sensor net- 
works"). 

Except in high-volume applications, 
for which it sometimes makes sense to 
integrate the application-specific func- 
tions with ZigBee-platform functions, 
expect the application-specific functions 
to reside on a second chip. An industry 




MESH 




CLUSTER W 

TREE ^ O 



PAN COORDINATOR 
FULL-FUNCTION DEVICE 
O REDUCED-FUNCTION DEVICE 



Figure 4 Although the mesh topology is most closely associated with ZigBee, the 
ZigBee specification offers two other alternatives and specifies which ZigBee features 
are available in each. Note that, in ZigBee, a message can make multiple hops to reach 
its destination (courtesy ZigBee Alliance). 
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is developing to provide ZigBee -platform 
modules, which contain the platform 
chip and additional circuitry, such as 
clock crystals, for example, to support that 
chip. Some of these modules provide fea- 
tures for prototyping the application-spe- 
cific portion of the final device; others 
that target use in volume production lack 
prototyping features. 

DIFFICULT QUESTION 

A frequently asked question about Zig- 
Bee is: "What is the range of the trans- 
missions?" Although the short answer is 
10 to 100m, it is much easier to ask this 
question than to answer it. A thorough 
answer depends not only on whether the 
network operates at 2.4 GHz or below 1 
GHz, but also on whether the networked 
devices are indoors or outside. Other fac- 
tors include whether they operate at 
dBm, which is the most common power 
and which ZigBee chips directly support, 
or at a higher power. The maximum is 20 
dBm, but it requires an amplifier exter- 
nal to the ZigBee chip. The most impor- 
tant variable is how many hops the data 
makes before reaching its destination. 

Although the 2.4'GHz band offers 
higher data rates than do the 868- and 
915-MHz bands, advocates of the less- 
than-l-GHz frequency, such as ZMD 
(www.zmd.biz), say that transmission at 
the lower frequencies is more reliable 
because fewer users produce interference 
in the less-than-l-GHz bands and because 
problems with signal absorption and 
reflection are less severe at the lower fre- 
quencies. Therefore, the lower frequency 
devices can often operate at lower power. 

The ZigBee NWK (network layer) sup- 
ports star, tree, and mesh topologies (Fig- 
ure 4)- Network devices can relay messages 
from other network devices. In a star topol- 
ogy, a ZigBee coordinator controls the net- 
work. The coordinator initiates and main- 
tains the network devices; all other devices 
are end devices, which directly communi- 
cate with the coordinator. In mesh and tree 
topologies, the coordinator starts the net- 
work and chooses certain key network 
parameters. ZigBee routers can extend the 
network. In tree networks, routers move 
data and control messages through the net- 
work using a hierarchical- routing strate- 
gy. Tree networks can use beacon-orient- 
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ed communication. Mesh networks allow 
full peer-to-peer communication. 

Tracking assets during inventory is an 
interesting application in which ZigBee 
may be more useful than the technology 
usually associated with the application: 
RFID (radio-frequency identification). 
RFID tags are passive; they receive the 
energy they use to respond to a query from 
the RF signal that issues the query. The 
problem is that the device that sends the 
query must usually be no more than about 
3 m from the RFID tag that provides the 
response. If you are, say, trying to locate 
test instruments in a large R&D or man- 
ufacturing complex, this characteristic 
presents a Catch-22: It doesn't make 
much sense to have to know where an 
item is to find it! A ZigBee network, how- 
ever, can track the locations of instru- 
ments throughout a large campus. Each 
instrument must have a ZigBee platform, 
which is more expensive than an RFID 
tag, but, within the first year, the labor 
savings during inventory or when the cal- 
ibration lab must retrieve instruments for 
calibration might easily exceed the Zig- 
Bee platform's cost differential. 

TORTOISE OVER HARE 

ZigBee's progress in industrial applica- 
tions probably won't set speed records, but 
the technology is likely to win the race 
over competing technologies in the same 
way that the fabled tortoise triumphed 
over the hare — slowly and steadily. For 
example, it will take a good while before 
ZigBee can demonstrate the "five-nines" 
(99.999%) uptime that many industrial 
applications require. A major reason that 
such demonstrations will take time is the 
protocol's low speed when users apply it 
as its developers intend. Transaction- 
based applications measure ZigBee's 
speed not in transactions per second but 
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THE POSSIBILITIES ARE INFINITE 



in transactions per minute, per hour, or 
even per month. Moreover, in predicting 
the reliability of real-world applications, 
you must deal with statistics and proba- 
bility- Thus, it can take many months to 
demonstrate with high confidence that 
an application is subject to no more than 

IF LOCATING A ZIGBEE 
SENSOR IN JUST THE 
RIGHT SPOT REQUIRED 
EXTRAORDINARY EFFORT, 
USERS WOULD LIKELY 
POSTPONE BATTERY 
REPLACEMENT UNTIL 
THE BATTERY DIED AND 
CAUSED A POSSIBLY 
EXPENSIVE FAILURE. 

one error per month. In the test commu- 
nity, the speed issue has led some to 
believe that validation protocols based on 
bit' or frame-error rates are inappropriate 
for ZigBee and that tests based on EVM 
(error- vector magnitude) will more 
quickly yield accurate answers. Still, the 
warm initial reception the industry has 
accorded to ZigBee technology is en- 
couraging Alliance members. Developers 
downloaded more than 18,000 copies of 
the ZigBee specification in its first year 
after publication. 

Another issue that enters the thinking 
of prospective ZigBee users in industry is 
ZigBee devices' dependence on batteries. 
ZigBee ICs that have the wherewithal to 
measure the state of charge of the batter- 
ies that supply their power and routines for 
sending alarm messages shortly before bat- 
teries need replacement are among those 
that development- tool suppliers provide 
for embedding in the ZigBee stack. Nev- 
ertheless, if locating a ZigBee sensor in just 
the right spot required extraordinary 
effort, users would likely postpone battery 
replacement until the battery died and 
caused a possibly expensive failure. 

Several techniques for extending bat- 
tery life or eliminating batteries come to 
mind. If you can embed more intelligence 
in the sensor so that it can — without 
consuming much energy — make data-de- 
pendent decisions independently without 



involving remote system elements, you 
can reduce the sensor's need to commu- 
nicate and reduce the need for much of 
the energy that communication uses. 
However, such smart sensors present not 
only a formidable hardware-design prob- 
lem, but also significant software-design 
challenges (Reference 3). 

A different approach involves getting 
small amounts of energy from the envi- 
ronment through a panoply of techniques 
known as energy harvesting (Reference 
4)- For example, in a well-lit factory or 
office, solar cells might power a ZigBee 
device. A ZigBee light switch might 
obtain its energy from the movement of 
the toggle and store it in an ultracapaci- 
tor. (Light switches that need no ac con- 
nections do make sense! They can reduce 
wiring costs and simplify changes in office 
layouts.) Perhaps manufacturers can har- 
vest energy from the stray ac magnetic 
fields surrounding wires that deliver 
power to motors and office machines. 
And they can harvest energy from the 
vibrations of production machinery. EDN 
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Power-management 
techniques for multimedia 
mobile phones 

ASIA AND OTHER MARKETS ARE RACING TO LAUNCH 
DIGITAL TV AND STREAMING VIDEO AND MUSIC IN HAND- 
HELD FORMATS. THESE TECHNOLOGIES BRING BENEFITS, 
BUT DESIGNERS STILL FACE THE CONSTRAINTS OF 
INCORPORATING MULTIMEDIA FUNCTIONS IN SMALL 
FORM FACTORS IN THE FACE OF INCREASING BATTERY LIFE. 



Now that Asia and other markets race to deploy 
portable -media technology in the form of mul- 
timedia phones, designers must take a step back 
and consider power-management issues for these 
handheld devices (see sidebar "Asia looks to 
multimedia as the new 'new thing'"). Consumers 
have come to expect the small form factor and the long battery 
life on the 2G and 2.5G GSM (Global System for Mobile com- 
munication) or CDMA (code-division multiple- access) phones 
available today- The challenges to mobile-phone designers now 
are to include the new multimedia functions and still maintain 
the small, low-profile form factor of the handsets, as well as their 
long battery life. No one wants to deploy a handset that users 
would have to recharge after two hours of operation. 



New application processors can deliver the necessary media- 
processing functions, but it comes at the price of higher power 
consumption. And the new devices change the users' profiles, 
as well. New audio and video functions mean longer audio-play- 
back time, so audio amplification needs to be more efficient. 
Moreover, as audio and video functions on mobile phones 
mature, competition will increase the standard of audio quali- 
ty and output power. All of these added power drains must some- 
how fit into an already-constrained power budget. Designers 
must tackle these challenges at all levels of system design, and, 
although the industry has focused on the digital SOCs (systems 
on chips) that form the hearts of these handsets, the analog por- 
tion of the handset can also help solve these design problems. 

To achieve a small-phone form factor, designers commonly 
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Figure 1 An MPEG-4 platform requires a do/do step-down converter with power efficiency greater than 90% and low heat dissipation. 
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use an integrated power-management unit, 
which simplifies the power-supply design and 
makes the end product smaller than it would 
be if it required the use of several discrete power 
sections. Paradoxically, however, just as the fast 
development of multimedia functions in the 
handsets has increased the need for compact- 
ness and power efficiency, it has also led to 
increased usage of stand-alone voltage regula- 
tors- Power-management units are simply too 
weak to support the increasing power require- 
ments of today's multimedia-rich application 
processors- And shorter mobile-development- 
cycle time has not allowed designers to wait for 
the power-management unit's output power to 
catch up- As a result, stand-alone voltage reg- 
ulators supply the extra system power that 
mobile handsets require. 

Thus, designers must carefully select stand-alone regulators. 
Apart from total cost, the top three criteria in the selection of 
a stand-alone voltage regulator are low noise, low power con- 
sumption, and small form factor. The low-dropout regulator is 
usually a designer's first choice. Low-dropout regulators are sim- 
ple to design, they generate no significant amount of noise, and 
they provide fast response. However, to minimize the power loss 
and heat that are inevitable with linear regulation, experts often 
recommend low-dropout regulators only in low-power applica- 
tions or in cases in which the output voltages are close to the 
input voltages. Lithium-ion cells in typical handset applications 
have output-voltage ranges of 4-2 to 3 V, making the low-dropout 
regulator suitable to supply the 3.3 or 3V that analog-I/O cir- 
cuits commonly require. Despite their inefficiency, low-dropout 
regulators provide clean power to sensitive circuits, such as RF 
stages. 
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Figure 2 Vendors are beginning to introduce integrated power ICs with both buck 
and low-noise, low-dropout regulators. 



In contrast, microprocessor-core voltages are constantly 
decreasing because of smaller process geometries; L8, L5, and 
even L2V have become common in SOCs. At these voltages, 
the difference between the input and the output voltage of the 
regulator becomes too large for the low-dropout regulator to 
achieve acceptable efficiency. If a low-dropout regulator sup- 
plies such low core voltage, the loss in power conversion dras- 
tically reduces the battery life, and the increase in heat dissi- 
pation within the handset enclosure eventually reduces the 
product's lifetime. 

The ideal voltage regulator for new processors is not the sim- 
ple, quiet low-dropout regulator, but a dc/dc step-down con- 
verter with power efficiency greater than 90% and low heat dis- 
sipation (Figure 1). An appropriate synchronous step-down 
converter can supply the core voltage of a low-voltage, deep- 
submicron chip set, as well as the higher voltage to the I/O cir- 
cuitry. Buck converters with internal synchronous rectifiers can 



ASIA LOOKS TO MULTIMEDIA AS THE NEW "NEW THING" 

By Margery Conner, Technical Editor 



The Asian market is once 
again leading the way in 
innovative mobile-phone 
applications-this time as 
go-everywhere multimedia 
platforms. According to 
this article's author, 
Crystal Lam, product-line 
manager at the Analog 
Low Power Management 
Business Unit at On 
Semiconductor, the new 
MPEG-4 phones currently 
popular in Korea and 
China are the first devices 
in the coming onslaught 
of streaming-music and 
-video phones. "In Asia, 
portable TV is no longer a 



dream," she says. The 
devices allow users to 
download and play 
streaming video and MP3 
music. In Asia, portable TV 
is becoming a reality. With 
the S-DMB (satellite-digi- 
tal-multimedia-broadcast- 
ing) service Korea 
launched last May, con- 
sumers can watch TV pro- 
grams on their handsets 
for a monthly subscription 
fee. China subsequently 
introduced the service and 
launched the first digital- 
TV-broadcast service 
based on the DMB stan- 
dard in Shanghai last 



November. Lam predicts 
that network operators 
will subsidize the phone 
price with the revenues 
from data transfer and 
subscriptions, making the 
new multimedia phones 
available at an affordable 
price. 

Even traditional content 
providers are taking a 
leading role in driving 
mobile-media-technology 
development. Seven 
months after the launch of 
the S-DMB service, 
Korean TV channels 
released a free TV- broad- 
cast service based on the 



T-DMB (terrestrial-DMB) 
standard. Despite the 
reluctance of the network 
operators to promote the 
T-DMB phones, Samsung 
has released seven T-DMB 
handsets, and LG has pre- 
sented itsT-DMB-enabled 
PDA with a 3.5-in. LCD 
screen that can broadcast 
a TV program during a 2.5- 
hour window each day. 
Whichever digital-TV stan- 
dard prevails, Asian phone 
manufacturers are all 
preparing for digital-TV 
services to enter the mar- 
ket during the next 18 
months. ^ 
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eliminate the use of some external Schottky diodes and offer 

efficiency of 90 to 96% in full operation over 0.9 to 33V with 
output current as high as 600 mA. Synchronous PWM con- 
verters have their own drawbacks in this application, howev- 
er: They are inefficient under light loads- In mobile phones, the 
application microprocessors spend most of their time in stand- 
by mode. By decreasing their operating power, the micro- 
processors put the dc/dc converter into the light-loading zone 
in which efficiency drops to less than 90%. To reduce power con- 
sumption in the long-standby time, designers may want to con- 
sider using an alternative power supply that employs PFM 
(pulse-frequency modulation). In this mode, the switching fre- 
quency is proportional to the loading, and the overall efficien- 
cy thus remains high. Some converters today can automatical- 
ly switch between modes depending on the demand. 
To reduce power-supply size, vendors have moved up to 
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switching frequencies of 1 to 2 MHz for their buck converters. 
To demonstrate the effect of the switching frequency, consider 
three similar converters. A 1-MHz step-down converter uses an 
optimized inductor-capacitor filter with inductance of 10 fxH 
and output capacitance of 10 fxF. In contrast, a similar regula- 
tor that switches at 1 .5 MHz requires respective output-filter- 
component values of 2.2 |jlH and 10 )jlF. Similarly, with a 3 -MHz 
oscillation frequency, the optimized inductor-capacitor-filter val- 
ues are 2.2 fxH and 4-7 fiF, respectively. 

This comparison shows that the higher the switching fre- 
quency, the smaller the inductor and output capacitor neces- 
sary and, thus, the smaller the parts. In multimedia-mobile 
design with tight pc-board constraints, you should use converters 
with higher switching frequency to minimize the size and reduce 
the cost of the passive components. The 3X3-mm SOT23-5 
industry- standard package is the common choice for synchro- 
nous step-down converters. However, small- 
er package options, such as chip-scale and 
DFN packages, are also available to meet 
even tighter size requirements. 

A dc/dc buck converter is the best choice 
for powering application processors. On the 
other hand, low-noise, low-dropout regula- 
tors typically power RF-sensitive analog cir- 
cuits with input voltages of 2.8 to 3.3V. Ulti- 
mately, only further integration can signifi- 
cantly reduce board area in these designs. 
Accordingly, vendors are beginning to 
introduce integrated power ICs with both 
buck and low-noise, low-dropout regulators 
(Figure 2). 



Figure 3 Class D amplifiers offer a stable 85 to 90% efficiency, but the efficiency of 
Class AB remains 30 to 60%. 
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Figure 4 A dc/dc boost converter provides a constant 5V to power the two Class D 
amplifiers that a stereo application requires. 



AUDIO-PLAYBACK CHALLENGES 

Portable multimedia functions pose two 
challenges to audio amplification in mobile 
phones. First, multimedia phones need to 
allow continuous music and video playback 
for at least two hours; long audio-playback 
time is a key selection criterion on multi- 
media phones. Second, audio experience on 
mobile devices must approach that of a home 
audio system. Users expect clean, powerful 
stereo audio with bass-boost playback. 
Today, mobile phones use Class AB audio 
amplifiers. A typical Class AB audio ampli- 
fier offers high audio quality with typical 
THD+N (total harmonic distortion plus 
noise) of less than 0.1%. These amplifiers 
also have good power-supply-rejection 
ratios, and, thanks to the linear nature of 
Class AB amplifiers, they present no risk of 
interfering with the RF system on board. 
Although they have low power efficiency, 
they find wide use in short-duration, low- 
power-audio applications, such as hands-free 
speakers for voice and ring-tone playback. 

But, as MP3 becomes a popular application 
on mobile-media platforms and playback 
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time increases from a few 
minutes to hours, Class 
AB's low efficiency and 
high heat output will no 
longer meet the challenge- 
New designs are now 
instead employing Class D 
audio amplifiers- Nominal 
power consumption for 
audio amplification in midrange phones is 
less than 100 mW, and maximum output 
power is 700 mW- Comparing the effi- 
ciency of a typical Class AB and a select- 
ed Class D audio amplifier shows that, at 
50 mW, the Class D amp has an efficien- 
cy of 80%, whereas the Class AB offers a 
mere 20%. For the higher power operat- 
ing range of 100 to 500 mW, Class D 
amplifiers offer a stable 85 to 90% effi- 
ciency, but the efficiency of Class AB 
remains 30 to 60% (Figure 3). 

Due to their low efficiency and hence 
high heat generation. Class AB amplifiers 
in these applications cannot be robust 
enough to deliver output power higher 
than 1 W without saturation or distortion. 
Thanks to the switching-mode operation 
in Class D amplifiers, they efficiently 
amplify the audio signal and thus can 
deliver higher output power to support 
high-volume audio playback. You can 
achieve as much as 1 .4W output to an 80 
speaker at a THD+N of less than 1%. 
Because low-frequency sound generation 
requires considerable power, especially 
with small speaker areas, this extra ampli- 
fier power helps to boost the bass sound, 
which is an important feature in music and 
gaming audio playback. 

MP3 players — and, most likely, future 
mobile-media devices — often use an 
external cradle with 411 stereo speakers. 
This requirement provides another chal- 
lenge to the audio amplifier, which you 
can best meet by operating the device at 
a higher voltage, such as 5 to 5.5V. This 
approach, in turn, requires a dc/dc boost 
converter to provide a constant 5V to 
power the two Class D amplifiers that a 
stereo application requires (Figure 4). 

EMI CONSIDERATIONS 

A Class D amplifier operates in a con- 
stant-frequency PWM-switching mode. 
Thus, it may produce EMI that can inter- 
fere with nearby RF-circuit operation. Two 
key techniques can help prevent EMI 
interference with the RE system. First, you 



ATEDN.COM [> 



should place the Class D 
amplifier close to the speaker. 
In the case of stereo applica- 
tions, you should use two 
monophonic amplifiers rather 
than a single stereo chip, so 
that you can place the two 
amplifiers next to the two 
speakers, usually at the sides of 
the handset. Apart from this step, design- 
ers should also connect an EMI filter, such 
as a ferrite bead, to the output of the 
amplifier. The EMI filter acts as a band- 
pass filter to remove the high-frequency 
switching signal from the audio output 
before it can propagate along the traces to 
the RE circuitry. 

Market forces are driving mobile-multi- 
media devices to replace mobile phones in 
both mature and developing markets. In 
these new mobile-media centers, vendors 
are upgrading processors and releasing chip 
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sets at such a pace that integrated-power 
approaches from the power vendors can't 
keep up. Thus, designers of the new 
mobile-media centers must turn to discrete 
power and audio devices to meet the extra 
system requirements and to deliver new 
models with short time to market. 

New synchronous buck converters offer 
high efficiency, are easy to design- in, and 
help designers to develop small systems 
with low system cost. Similarly, Class D 
audio amplifiers with high power effi- 
ciency prolong audio-playback time to 
meet new market demand. Class D ampli- 
fiers also deliver high output power to sup- 
port the compelling audio playback criti- 
cal in MP3, TV, and gaming functions.BJN 
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\ '/hether using composite, 
WW S-Video or component 
/ / video, systems require high 
performance amplifiers for driving 
cables, adding gain, converting 
between formats and shaping the video 
signals. The increased dimensions of 
high-definition LCD displays require 
amplifiers with high gain bandwidth 
and slew rate to scan the entire screen 
in one refresh cycle. Low supply volt- 
ages present special challenges in video 
designs, forcing amplifiers to accom- 
modate the video signal's relatively 
large swings and high slew rates within 
limited supply rails. 

UXGA Resolution 

The proliferation of high-resolution 
video displays, both in the profes- 
sional and consumer markets, has 
markedly increased the analog band- 
width of baseband video signals. For 
example, digital studio equipment for 
NTSC broadcast television typically 
uses pixel rates around 14 million per 
second, while now ubiquitous XGA 
computer outputs (1024 x 768) 
routinely churn out about SOMpixels 
per second. The latest high definition 
consumer formats put out a compa- 
rable 75Mpixel per second stream and 
the increasingly popular UXGA 



professional graphics format (1600 x 
1200) generates a whopping 
200Mpixels per second flow. Accurate 
video reproduction of these newer 
formats is placing exceptional 
demands on the frequency response 
of video amplifiers. Specifically, 
pulse-amplitude waveforms like those 
of baseband video require reproduc- 
tion of high-frequency content up to 
at least the 5th harmonic of the funda- 
mental frequency component. This is 
2.5 times the video pixel rate. 



accounting for 2 pixels per funda- 
mental cycle relationship, indicating 
that UXGA pushes flat frequency 
response beyond 500MHz. 

Baseband video generated at 
these higher rates is processed in 
either native red-green-blue (RGB) 
domain or encoded into "component" 
luma plus blue-red chroma channels 
(YPbPr) ; three channels of informa- 
tion in either case. With frequency 
response requirements extending 
beyond 500MHz, amplifier layouts 
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Figure 1. LT6553 RGB Cable Driver Circuit 
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that require external resistors for gain 
setting tend to waste valuable real- 
estate. Furthermore, frequency 
response and crosstalk anomalies can 
plague the printed circuit develop- 
ment process. 

The LT®6553 and LT6554 triple 
amplifiers solve these problems, 
providing internal factory matched 
resistors and an efficient 3 -channel 
flow-through layout arrangement 
using a compact 16-pin SSOP pack- 
age. They offer 650MHz bandwidth 
with an ultra-high slew rate of 
2500V/US. The 0. 1 % settling time is 
a quick 6ns for a 2V step. This 
makes them ideal for RGB video 
processing on displays with UXGA 
resolution (1600 x 1200 pixels). 
The LT6553 has an internal fixed 
gain of two and is intended for 
driving 50O or 750 back- terminated 
cables (for effective loading of lOOO 
and 1500 respectively). The LT6554 
is internally configured for unity 
gain, making it useful for driving 
ADCs or other high impedance loads 
characterized with IkO as a refer- 
ence loading condition. Figure 1 
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Figure 2. Fast Pulse Response 

shows the typical RGB cable 
driver application of an LT6553. 
Its excellent time response 
characteristics are shown in 
Figure 2. The amplifiers's frequency 
response exhibits only -0.5dB 
attenuation at 450MHz, with 
minimal peaking. 
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Figure 3. LT6557 Single Supply RGB Amplifier 



Operating witli tlie Riglit 
Power Supplies 

The LT6553 and LT6554 require a total 
power supply of at least 4.5V, but 
depending on the input and output 
swings required, may need more to 
avoid clipping the signal. The LT6554 
has unity gain, making the analysis 
simple. The output swing is about (V""" 

- V") - 2.5V and is only governed by the 
output saturation voltages. This means 
a total supply of 5V is adequate for 
standard video (lVp_p). For the 
LT6553, extra allowance is required for 
load driving, so the output swing is (V""" 

- V") - 3.8V. This means a total supply 
of about 6V is required for the output 
to swing 2Vp_p, as when driving 
cables. For best dynamic range along 
with reasonable power consumption, a 
good choice of supplies would be ±3V 
or the LT6554 and 5V/-3V for the 
LT6553. Since many systems today 
lack a negative supply rail, the new 
LT6557 triple video amplifier offers an 
excellent solution with its true single 
supply capability. 
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Figure 4a. LT6550 Block Diagram 
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Figure 4b. LT6551 Blocl( Diagram 

Handling AC-Coupled 
Video Signals 

AC-coupled video inputs are more 
difficult to handle than those with 
DC-coupling because the average 



signal voltage of the video waveform 
is affected by the picture content, 
such that the black level at the ampli- 
fier wanders with scene brightness. 
In NTSC and PAL video systems, 
ZOOmV is the approximate difference 
between the maximum signal voltage 
and black level. When a video signal 
is AC-coupled, the amount of 
dynamic range required to handle the 
signal is potentially double that 
required for DC-coupled operation. 
This represents a challenge, espe- 
cially for video systems operating 
from a single 5V supply. TheLT6557 
RGB amplifier solves this problem by 
featuring a wide output swing that 
extends to 0.8V of supply rails. On a 
5V single supply, it achieves 3.4V of 
dynamic range, which is adequate for 
standard video. 

The LT6557 uses a unique inter- 
nal architecture that simplifies the 
task of implementing high-speed 
video signals in single supply appli- 
cations. An internal biasing feature 
allows the user to program the inputs 
of all three amplifiers with a single 
resistor to a desired DC bias voltage 
level. This feature minimizes exter- 
nal component count and provides 
ease of use in AC-coupled applica- 
tions. Furthermore, the internal fixed 
gain of 2 eliminates six external gain- 
setting resistors required for driving 
double terminated cables. The 
LT6557 is the fastest RGB amplifier on 
the market capable of providing full 
video swing when operated from a 5V 
single supply. Its -3dB bandwidth of 
500MHz, fast slew rate of 2200V/pis, 
coupled with a quick 4ns settling time, 
enhances AC performance of the 
amplifier, resulting in sharper video 
images. In addition, the LT6557 has 
a O.ldB gain flatness that extends to 
120MHz, facilitating use over a wide 
range of video signals. 



Shrinking Supply Rails 

The industry trend toward lower 
supply voltages increases the demands 
placed on analog signal handling char- 
acteristics. For example, a 3.3V video 
amplifier not only requires high slew 
rate and fast settling time, but must 
also have wide input and output volt- 
age swing ranges to avoid clipping any 
portion of the video waveform. 
Current feedback amplifiers cannot be 
used because they lack sufficient 
signal swing at low supplies and they 
require input signals above ground. 

The LT6550 and LT6551 are true 
voltage feedback amplifiers featuring 
llOMHz (-3dB) bandwidth, 340V/pLS 
slew rate, and fast settling time, making 
them ideal for low voltage, high reso- 
lution RGB video processing. The 
LT6550 and LT655 1 operate from 3 V to 
12.6V and are fully specified on single 
3.3V and 5V supplies. The LT6550 is 
also specified on ±5V supplies. Both 
parts are available in compact 10-PIN 
MSOP packages, enabling compact 
solutions for driving RGB and compo- 
nent video cables. These voltage feed- 
back amplifiers drive either SOU or 7511 
double terminated cables and are 
preconfigured for a fixed gain of two, 
eliminating six or eight external gain 
setting resistors. The block diagrams in 
Figure 4 show the differences between 
theLT6550andLT6551. TheLT6551 
quad is designed for single supply oper- 
ation with the feedback returned to 
ground. The LT6550 triple has a sepa- 
rate VEE pin and can be used on either 
single or split supplies. 

RGB Video Multiplexing 

Video multiplexers are required for 
high speed pixel switching, video 
signal routing and RGB switching. 
RGB and YPbPr video signals are 
commonly multiplexed to reduce I/O 
connector count or otherwise reuse 



rrunm 

.^^^r TECHNOLOGY 



APRIL 13, 2006 I EDN 63 



ADVERTISEMENT 



Ultrafast Fixed Gain Amplifiers Simplify High Resolution Video Designs 



various high-value video signal 
processing sections when selecting 
various modes of operation in the end 
use of the product. This has often 
been accomplished with the use of FET 
switches and buffer amps to route the 
various video channel signals. The 
LT6555 and LT6556 RGB video multi- 
plexers accomplish this task without 
the need for external switches. 

Featuring resolution beyond 
UXGA, the LT6555 and LT6556 have 
a wide bandwidth of 650MHz and a 
very high slew rate of 2200V/us, 
enabling them to process large input 
signals. The LT6555 integrates three 
2: 1 input multiplexers followed by fixed 
gain of 2 amplifiers for driving double 
terminated cables. The LT6556 follows 
the same topology except the amplifiers 
have unity gain for buffering or driving 
ADCs and high impedance loads. In 
applications with more than two inputs 
per channel, multiple LT6555s or 



LT6555: Video Multiplexer/Line Driver 



Select Any Channel 



Achieve UXGA Resolution 
Figure 5. LT6555: Video iVIultlplexer/Llne Driver 



LT6556S can be connected using the 
output disable pin to implement larger 
arrays as shown in Figure 6. 

Independent supply pins for 
each amplifier boost channel separa- 
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Figure 6. Two LT6555s Build a 4-lnput Router 



tion, ensuring excellent crosstalk 
specifications. This eliminates chan- 
nel interaction in RGB muxing appli- 
cations. The devices are capable of 
operation on dual or single supplies 
from 4.5V to 12V total. Housed in the 
space saving 4mm x 4mm OFN and 
24-pin SSOP packages, they offer a 
compact and easy to use solution in 
a wide variety of video switching 
applications. 

Conclusion 

As video resolution increases, system 
designers require analog components 
that achieve higher performance than 
ever before. The challenge is 
compounded by the desire to reduce 
board space and to shrink or eliminate 
system power rails. Linear Technol- 
ogy's latest video products provide 
high bandwidth, fast slew rate and 
fast settling time amplifiers, integrated 
multiplexers and the capability of 
running on a single supply. JIT 



Note: LT, LTC XT are registered trademarks of Linear 
Technology Corporation. All other trademarks are 
property of their respective owners. 
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Flatten DAC 
frequency response 

EQUALIZING TECHNIQUES CAN CQPE 

WITH THE NONFLAT FREQUENCY RESPONSE OF A DAC. 



n a generic example, a DAC samples a digital baseband sig- 
nal (Figure !)♦ The DAC's frequency response is not flat; 
it attenuates the analog output at higher frequencies. At 
80% of f^YQuisT' instance (^NYQuiST^y^)' frequen- 
cy response attenuates by 2.42 dB. That amount of loss is 
unacceptable for some broadband applications requiring a 
fiat frequency response. Fortunately, however, several techniques 
can cope with the nonflat frequency response of a DAC. These 
techniques include increasing the DAC's update rate using inter- 
polation techniques, pre-equalization filtering, and post-equal- 
ization filtering, all of which reduce or eliminate the effects of 
the sine roll-off. 

FREQUENCY RESPONSE 

To understand the nonflat frequency response of a DAC, con- 
sider the DAC input as a train of impulses in the time domain 
and a corresponding spectrum in the frequency domain (Fig- 
ure 2). An actual DAC output is a "zero-order hold" that holds 
the voltage constant for an update period of 1/fg. In the fre- 
quency domain, this zero-order hold introduces sin(x)/x, or aper- 
ture, distortion (Reference 1). The amplitude of the output- 
signal spectrum multiplies by sin(x)/x (the sine envelope), where 
x^Trf/L, and 



but the sine function attenuates its amplitude. Image signals also 
appear in higher Nyquist zones. In general, a lowpass or band- 
pass filter, often called a reconstruction filter, must remove or 
attenuate these image frequencies. Such filters are analogous to 
the antialiasing filter that an ADC often requires. 

As the DAC output frequency approaches its update fre- 
quency, fg, the frequency response approaches zero or null. The 
DAC's output attenuation therefore depends on its update rate. 



The 0.1-dB-frequency flatness is about 0.1 7fj 
f 



NYQUIST' 



vhere 

NYQUIST output frequency approaches fg/2, so does 

the first image frequency. As a result, the maximum usable DAC 
output frequency for systems in which filtering removes the 
image frequency is about 80% of f^YQuisT* 
The first image frequency is fiMACE^^s^W- W 

— O.Sfj^YQUIST' ^IMAGE~ -'■'^^NYQUIST' l^^^ing Only 0.4fj^YQUIST 

between frequency tones for the filter to remove the image. Out- 
put frequencies higher than 80% of fj^yQuiST ^^^^ 1^ difficult for 
a filter to remove the images, but the reduction in usable fre- 
quency output allows for realizable reconstruction-filter designs. 

SPEED THE UPDATE RATE OR INTERPOLATE? 



At 80% off 



, the output amplitude attenuates by 2.42 



^Tlf/ 



(1) 



Tlf/ 



describes the resulting frequency response (Figure 3). Thus, 
aperture distortion acts as a lowpass filter that attenuates image 
frequencies but also attenuates the desired in-band signals. 

The sin(x)/x (sine) function is well-known in digital-signal 
processing. For DACs, the input is 
an impulse, and the output is a con- 
stant-voltage pulse with an update 
period of 1/fg (the impulse re- 
sponse), whose amplitude changes 
abruptly in response to the next 
impulse at the input. You obtain the 
DAC's frequency response by taking 
the Fourier transform of the 
impulse response (a voltage pulse. 
Reference 2). 

The desired signal frequency in 
the first Nyquist zone reflects as a 
mirror image into the second 
Nyquist zone between fg/2 and fg. 



NYQUIST- 

dB. For broadband applications requiring a flat frequency 
response, that amount of attenuation is unacceptable. Because 
the DAC's output attenuation depends on its update rate, you 
can minimize the effect of sine roll-off and push the 0. 1 -dB flat- 
ness to a higher frequency simply by increasing the converter's 
update rate and keeping the input-signal bandwidth unchanged. 

Increasing the DAC's update rate not only reduces the effect 
of the nonflat frequency response, but also lowers the quanti- 
zation noise floor and loosens requirements for the reconstruc- 
tion filter. Drawbacks include a higher cost for the DAC, high- 
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Figure 1 The nonflat frequency response of a DAC attenuates the output signal, especially at 
high frequencies. 
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Figure 2 The ideal output from a DAC is a train of voltage impulses in the time domain (a) and a series of image spectra in the frequen- 
cy domain (b). Actual DACs use a zero-order hold to delay the output voltage for one update period (c), which causes output-signal 
attenuation by the sine envelope (d). 



er power consumption, and the need for faster data processing. 
The benefits of higher update rates are so important, however, 
that manufacturers are introducing interpolation techniques- 
Interpolating DACs offer all the benefits of higher update rates 
and keep the input data rate at a lower frequency. 
Interpolation DACs include one or more digital filters that 
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Figure 3 The representation of a DAC output in the frequency 
domain shows that the desired signal is generally within the first 
Nyquist zone, but many image signals are present at higher 
frequencies. 



insert a sample after each data sample. In the time domain, the 
interpolator stuffs an extra data sample for every data sample 
entered, with a value interpolated between each pair of consec- 
utive data-sample values. The total number of data samples 
increases by a factor of two, so the DAC must update twice as fast. 

One modern DAC, for example, incorporates three interpo- 
lation stages to achieve an 8 X interpolation; the DACs update 
rate is eight times the data rate (Reference 3). In the frequen- 
cy domain, the sinc-frequency response also moves out by a fac- 
tor of eight, as does the effective image frequency, which loosens 
requirements for the reconstruction filter. 

PRE-EQUALIZE? 

Increasing the update rate reduces but does not eliminate the 
effect of sinc'frequency roll-off. If you are already using the 
fastest DAC available, you must choose other techniques to 
make additional improvements. It is possible, for example, to 
design a digital filter whose frequency response is the inverse 
of the sine function, that is, l/sinc(x). In theory, such a pre- 
equalization filter exactly cancels the effect of the sinc-frequency 
response, producing a perfectly flat overall frequency response. 
A pre-equalization filter filters the digital input data to equal- 
ize the baseband signal before it sends the data to the DAC. 
Removing all image frequencies at the DAC output allows orig- 
inal signal reconstruction without attenuation (Figure 4)- 
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Any digital filter whose frequency response is the inverse of 
the sine function will equalize the DAC's inherent sinc-fre- 
quency response. Because the sinc-frequency response is arbi- 
trary, however, a FIR (finite-impulse-response) digital filter is 
preferable- Frequency-sampling techniques are useful in 
designing the FIR filter. Assuming the signal is in the first 
Nyquist zone, you sample the frequency response, H(f), from 
dc to 0.5fg (Figure 5)- Then, using the inverse-Fourier trans- 
form, you transform the frequency sample points, H(k), to 
impulse responses in the time domain. The impulse response 
coefficients are: 



N-1 



h(n) = ^XH(k)ej^^^/^^"^ 



N 



k=0 



and 



h(n) = - 
N 



N/2-1 

X 2|H(k)|cos(27ik(n-a)/N) + H(0) 



(2) 



(3) 



where H(k) and k=0, 1, ... N — 1 represent the ideal or target- 
ed frequency response. The quantities h(n) and n=0, 1, ... N — 1 
are the impulse responses of H(k) in the time domain, and 
a=(N — 1 )/2. For a linear-phase FIR filter with positive symmetry 
and even N, you can simplify h(n) using Equation 3. For odd 
N, the upper limit in the summation is (N — 1 )/2 (Reference 1 ). 

Increasing the number of frequency sample points (N) of H(k) 
produces a frequency response closer to the targeted response. 
A filter with too few sample points reduces the effectiveness of 
the equalizer by producing a larger deviation from the target fre- 
quency response. On the other hand, a filter with too many sam- 
ple points requires more digital-processing power. A good tech- 



nique uses large N for computing h(n), truncates h(n) to a small 
number of points, and then applies a window to smooth h(n) 
and produce an accurate frequency response. 

A sample filter uses N = 800 to compute h(n) (Figure 6). You 
then truncate h(n) to only 100 points and apply a Blackman 
window to h(n). The frequency response for the combined FIR 
filter and DAC sine response exhibits 0.1 -dB flatness nearly up 
to the Nyquist frequency (to approximately 96% of f^yQuisT' 
where ^nyquist^V^^' contrast, the uncompensated DAC 
response maintains 0.1 -dB flatness only to 17% of f^YQuisT* 
Because the filter gain is greater than unity, you must take care 
that the filter's output amplitude does not exceed the DAC's 
maximum allowed input level. 

After obtaining the impulse-response coefficients, you can 
implement the FIR filter using a standard digital-processing 
technique. That is, h(n) filters the input signal data x(n): 



y(n) = YMk)x(n-k). 

k=0 



(4) 



Dynamic performance for the compensated DAC is lower than 
that of the uncompensated DAC, because higher gain at the 
higher input frequencies requires that you intentionally lower 
the signal level to avoid clipping the input. Assuming the input 
is a single tone between dc and fj^^^ (less than fg/2), the atten- 
uation depends on fj^^^* 
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Figure 4 A pre-equalization digital filter cancels the effect of sine roll-off in a DAC (a). As an alternative, you can use a postequalization 
analog filter for the same purpose (b). 
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Maximum Interconnect Solutions 



Noise 

When the power is on, you don't want shock 
or vfl>radon to create spurious signals. 
Mill-Max Spring-loaded Connectors provide 
a reliable electrical connection in the 
most rigorous environments. 




Maximum Continuity: Precision-machined 
gold-plated components and a low-resistance 
spring maintain a consistent electrical path. 

Maximum Stability: Tested to a minimum of 
50G shock and lOG vibration with no spikes 
>lps and >1.15V with 0.5A applied. 

^HpmHI^^H Maximum Endurance: 
r "^^^^^B 1,000,000 cycles and still 

I jii B electrically silent. 

© Maximum Range: Surface 

, I mount and thru-hole 

configurations with various profiles and multiple 

stroke lengths. 

Mill-Max Spring-loaded Connectors are typically 
used as the battery charging contacts in portable 
instruments, or as a rugged interconnection 
between circuit boards. 



For information and our Free Design Guide, 
go to www.mill-max.com/respond 
Response Code: EDN560 
Phone: 5X6-922-6000 
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FREQUENCY 
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SINC(x) 



V2 fs 
OUTPUT FREQUENCY 

Figure 5 You design a digital pre-equalization filter by sampling 
the inverse sinc-frequency response from do to f3/2. 



is the input voltage for the compensated DAC, and 
reference voltage- If, fc 

0.8f. 



j^gP is the reference voltage- If, for example, the maximum 



where V 

anticipated input frequency is fj^^^ ^ ♦ ^^nyquist 
uate the DAC input by Vj^= -2 A dB below V^^p. 

The resulting output amplitude is flat over frequency, repre- 
senting perfect compensation, and equals the input amplitude 



, you must atten- 



ofV_=V„ 



-lA dB below V^pp- You obtain output noise by 



integrating the noise power density from near dc to the recon- 
struction filter's cutoff frequency- DAC manufacturers also often 
specify SNR by integrating the noise out to f^YQuisT without the 
use of a reconstruction filter: 



N 



^NYQUIST 





,(f)df, 



(6) 



where N^^ is the total noise power or voltage of the compen- 
sated DAC, and n^(f) is the DAC's output noise density, which 
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Figure 6 The FIR filter equalizes the DAC's sine response and 
achieves 0.1 -dB flatness up to 96% of fNYQuisr 



is usually limited by quantization noise and thermal noise- The 
maximum SNR for the compensated DAC is constant and inde- 
pendent of frequency, but it depends on the maximum antici- 
pated output frequency: 



SNRc = 



oc 



REF 



(7) 



Tlfi 



MAX/ 



where V^^^ is the output amplitude. For the uncompensated 
DAC, the sine envelope attenuates the output signal: 



ou - " 



Tlf/ 



REF- 



(8) 



Noise power for the uncompensated DAC is same as for the 
compensated DAC- Thus, the maximum uncompensated-DAC 
SNR is 




Tlf/ 



SNRu = 



REF 



. /l 



Nr 



(9) 



You can determine the degradation of 
the compensated'DAC SNR by divid- 
ing the SNRs: 
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Figure 7 A simple active analog equalizer (a), which you can use to reduce the effects of 
DAC sine roll-off, increases the 0.1 -dB flatness from 1 7 to 50% of fNYQuisr 



Degradation of the compensated- 
DAC SNR, unlike that of the uncom- 
pensated DAC, is frequency-depend- 
ent. Degradation is worse at frequencies 
lower than v- 
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IheTslavEit- 



Mini 

SAS 



Molex meets the cliallenye of these industry standards 



Mini 

SATA 

Introducing tlie iPass" Interconnect System 



Americas Headquarters 

Lisle, Illinois 60532 U.S.A. 
Tel: 1-800-7 8MOLEX 
amerinfo@molex.com 

Far East North Headquarters 

Yamato, Japan 

Tel: 81-462-65-2324 

feninfo@molex.com 

Far East South Headquarters 

Jurong, Singapore 
Tel: 65-268-6868 
fesinfo@molex. com 

European Headquarters 

Munich, Germany 
Tel: 49-89-413092-0 
eurinfo@molex.com 

Corporate Headquarters 

2222 Wellington Court 
Lisle, Illinois 60532 U.S.A. 
Tel: 630-969-4550 
Fax: 630-969-1352 

© 2006, Molex 




When the standards organizations 
looked to improve storage 
applications, they came directly 
to Molex, a company with a 
worldwide reputation for 
innovative products. Together, we 
collaborated to develop an industry 
standard that was anything 
but standard. . .the iPass 
Interconnect System. 

This unique system is the first to 
be able to support the higher 
density and increased speed 
requirements of Serial Attached 
SCSI (SAS) and Serial ATA (SATA) 
high-speed, multi-lane internal 
and external systems. 

Boasting both connectors and 
cable assemblies, the iPass 
Interconnect System enables 
flexible speed compatibility for 
applications ranging from 1.5 to 
6.0 Gbps, with capability up to 
10.0 Gbps. Add the fact that its 
size allows for more ports on PCI 
cards and it's easy to see why 
the iPass Interconnect System is 
the ideal solution for the growing 
server storage market. 

The iPass Interconnect System, 
another first from the innovators 
at Molex. For more information, 
call Molex today or visit 
www.molex.com/product/ 
iPass.html 



molex' 



Bringing People & Technology 
Together, Worldwide^^ 



www.molex.coin/proiluct/iPass.litiiil 



POSTEQUALIZE? 

Another method of equalizing the DAC's sinc-frequency 
response over the output-frequency band of interest is to add 
an analog filter whose frequency response is approximately equal 
to the inverse-sinc function. Many such analog- equalization fil- 
ters exist for equalizing transmission lines and amplifiers, and 
you can adapt those equalization techniques for reducing the 
effect of a DAC's unwanted sine response- The postequalization 
filter inserts after the DAC's reconstruction filter. 

This application uses a simple active equalizer (Figure 7). For 
a given bandwidth, you choose Rp R^, and C^ so that the ana- 
log equalizer's frequency response cancels the DAC's sinc-fre- 
quency response. Spice-simulation software can help optimize 
the frequency flatness for a given application. The frequency 
response for a typical analog equalizer shows that 0.1 -dB flat- 
ness extends to more than 50% of f^YQuisT' Without the 
postequalization filter, 0.1 -dB flatness extends only to 17% of 
^NYQuisT' Note that the maximum circuit gain is 1 +R^/R2. 

A postequalization filter affects the DAC's SNR because it 
amplifies the noise at higher frequencies. Assuming that quan- 
tization noise limits the noise in an uncompensated DAC, the 
sinx/x envelope attenuates both the output signal and the noise. 
With a postequalization filter, however, the output- signal ampli- 
tude and noise density are constant over frequency, assuming 
perfect compensation. You obtain the output noise for the com- 
pensated and uncompensated DACs by integrating the noise 
power from near dc to f^YQuisT* 



^NYQUIST 



and 



Nc= /nQ(f)|H(f)|df, 



Nc = Jn 



Tlf/ 



df, 



- ^QO WqUIST , 
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Jno(f)df, 



U - J i^Q 





fjif/ 



df 



Nt 





1.3708 
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2f, 



NYQUIST^QO' 



(11) 

(12) 

(13) 
(14) 

(15) 

(16) 



where H(f) is the frequency response for the postequalization 
filter, t^q{0 is the noise power density, n^^ is the unattenuated 
quantization-noise density near dc, and N^^ and are the total 
noise power of the compensated and uncompensated DACs, 
respectively. Maximum SNR normalizes to the reference volt- 
age, Vp^gp. Remember that f^yQuisT ^Q^^ls fg/2. The SNRs are 
then: 





InV Low Noise Dual JFET 




Low Noise <1nV 
Monolithic Duol 
■ igliter Idss Matcliing 
Harrow Idss Grades 
Low Capacitance: 20pf 
Functional Replacement for 2SK389 

wwwJioearsfstems.coiii 800-359-4023 
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Intersil Video Products 



Intersil High Performance Analog 




Drive Big Video 
From Your Smallest 
Handheld Devices 

Movies just got a whole lot more magical, with 
Intersil's ISL59111. This super-small chipscale 
video driver sets new standards for efficiency, 
delivering Rail-to-Rail performance on just 2mA 
of supply current. 

But that's only part of the story. This driver not only uses an incredibly 
small amount of supply current, it also takes up virtually no space on your 
board. We've managed to integrate a sync clamp, a low pass filter, and a 
SAG network into a package smaller than 1.5mm2. 





f 8MHz low pass filter 
removes burst noise in 
handheld application. 



Length = 1.49mm 
Width = 0.99mm 
Footprint =1.48mm2 




Sync Tip 
Clamp 




Integrated SAG network 
enables the 220ijF AG-coupling 
capacitor to be replaced by two 
smaller capacitors. 

^ \ ! Rail-to-rail 
output swing. 



■ Sallen Key 
Low Pass Filter 





SAG 
Network 



Integrated sync-tip clamp lifts the 
video signal above ground, insuring 
entire signal remains intact. 



Key Features for Handheld and 
Portable Consumer Video Products 

— Shutdown current <2pA 

— Minimal 2mA supply current reduces 
battery drain 

— 2.5 V to 3.6V supply rails 

^ 3-pole filter has -3dB roll-off at 8MHz 

— Input signal DC restoration using a 
sync-tip clamp 

^ Fast power down in 14ns 

^ Output current of 40mA to drive 
composite video 

Tiny, low profile chipscale package. 
ISL59110and ISL591 12 available in 
SC-70 package. 



Datasheet, free samples, and 
more information available at 
www.intersil.confi |^ 



Intersil - Amplify your performance with advanced signal processing. 

©2005 Intersil Americas Inc. All rights reserved. The following are trademarks or services marlts owned by inters ii Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: intersii (and design) and i (and design). 
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Again, dividing the two SNRs gives the 
compensated SNR in terms of the 
uncompensated SNR. The maximum 
SNR degrades at lower frequencies but 
improves at higher frequencies: 
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KEPCO IS NOT JUST AHEAD OF THE CURVE, 
WE'VE FORMED A WHOLE NEW ONE. 



Introducing 
Hyperbolic 
Power. 
A new 
technology 
exclusively 
developed 
by Kepco. 

KLPREPIACES 
THE NEED FOR 
MULTIPLE POWER 
SUPPLIES BY 
EXPANDING THE 
OPERATING REGION 
THE BREAK- 
THROUGH OF 
A HYPERBOLIC 
POWER LIMIT 
DELIVERS A FULL 
1200 WATTS OVER 
AN EXPANDED 
OPERATING RANGE, 
NOT JUST A 
SINGLE POINT 



AN ISO 9001 COMPANY 

(^KEPCO. 

THE POWER SUPPLIER ™ 
SINCE 1946 



KEPCO KLP'S 
1200 WATT 
EXTENDED 
MAXIMUM 
POWER 
RANGE 
'A" THRU "C" 




CONVENTIONAL 
POWER SUPPLY'S 
MAXIMUM 
POWER POINT 

4- 

CONVENTIONAL 
OPERATING REGION 



I OPERATING- 



16 

AMPERES 



33 



MODEL KLP 75-33-1200 
0-75V@16A TO 0-36V@33A 

New models now available: 

KLP 36-60-1200 

0-36V@33A TO 0-20V(gO-60A 

KLP 20-120-1200 

0-20V(g60A TO 0-10V(gO-120A 

For more information visit 
www.kepcopower.com/klp.htm 

KEPCO, INC. 131-38 Sanford Avenue 
Flushing, NY 11352 USA 
Tel: (718) 461-7000 • Fax: (718) 767-1102 
Email: hq@kepcopower.conn • www.kepcopower.com 



So far, you assume that the DAC's 
reconstruction filter is an ideal lowpass fil- 
ter: Its frequency response is flat to 
^NYQuiST' then it drops abruptly to 
zero. In practice, a reconstruction filter 
also adds roU-off near its cutoff frequen- 
cy- Accordingly, the pre-equalization and 
postequalization techniques can serve an 
additional purpose of equalizing any roll- 
off in the reconstruction filter. 

WRAPPING UP 

The effect of a DAC's inherent sine- 
frequency response attenuates output sig- 
nals, especially at higher frequencies, and 
the resulting nonflat frequency response 
reduces the maximum useful bandwidth 
in broadband applications. Higher update 
rates flatten the frequency response but 
increase the DAC's cost and complexity. 

The pre-equalization technique, 
which employs a digital filter to process 
the data before sending it to the DAC, 
offers 0.1 'dB frequency flatness to 96% of 

^NYQuiST ( WuiST=y2) ^ut rcquircs addi^ 
tional digital processing. For comparison, 
an uncompensated DAC offers 0.1 -dB 
flatness only to 17% of f^YQuisT* ^i^oth- 
er technique adds a postequalization 
analog filter to equalize the DAC's out- 
put and achieves 0.1 -dB flatness to 50% 
of fj^YQuiST requires additional hard- 
ware. Both compensation techniques 
offer a lower SNR at low output frequen- 
cies.EDN 
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Intersil Interface Products 




Here Comes 
The Magic Bus! 

A single bus interface component that can operate 
on two different standards makes everything groovy. 
When that IC features on-chip 15kV ESD protection, 
it's magic. That was the thinking behind Intersil's 
new family of ±15kV ESD protected, Dual 
Protocol (RS-232/485) Interface Transceivers. 

Remember when your bus would have multiple features and 
functions - transportation, dining room, music studio, bedroom? Well, 
our new family of Dual Protocol Interface Transceivers, available in 
dual and single port, has everything you need in a transceiver. 




SINGLE PORT 



2.2V min. Tx output voltage for 
exceptional noise immunity in 
RS-485/422 protocols and 1Mbps 
Rx data rate in RS-232 mode. 




DUAL PORT 



Additional ports on two-channel 
transceivers allow option for two 
RS-485/422 transceivers or four 
RS-232 transceivers. 




Full fail-safe function guarantees 
a high level receiver output if the 
receiver inputs are floating or shorted. 

2(1 fll 28nll2 
intef kil 



■ VCC1 . 
5V - 



485 RX OUT ■ 
485 TX EN . 
485 TX IN . 

5V. 
5V ■ 

232TXIN ■ 
232TXIN ■ 
232 RXOUT ■ 
232 RXOUT ■ 



Exceptional RS-485/RS-422 
differential Vout(2-7V-3.1V) for 
increased system noise immunity. 



I 


Bus pins carry 15kV 


HBM protection. 


27 fl il28 1 [ 





RS485 INTERFACE 



RS-232 INTERFACE 



f7 



Control pins allow for programmable configuration 
to single RS-485/RS-422 or dual RS-232. 



5V ■ 
OV 
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232 RXOUT 
232 TX IN 
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Datasheet, samples, evaluation boards and more 
information available at www.intersil.com 
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Outstanding Performance 




Central's New Multi Chip Stabistor Diode 

The Central CMXSTB series of multi-chip stabistors are very low 
voltage zener diodes with an extremely 
stable forward voltage over a wide 
current and temperature range. 
Manufactured in a space saving SOT-26. 

Typical Applications 

Low-voltage stabilization: 

• Bias stabilizer in class-B output stages • Clamping 

• Clipping • Meter protection. 



Central's New Series: 
Low Voltage Zener Diodes 

Voltage vs. Current 
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Visit: www.centralsemi/stabistors 




Bipolar Power 
Transistors 
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De vices w 



MDMs 
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central 

semiconductor corp. 

www.centralsemi.com 



145 Adams Avenue, Hauppauge, NY 11788 USA • Tel: (631) 435-1110 • Fax: (631) 435-1824 
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LXI: Modular instrumentation 
for today and tomorrow 

Agilent Technologies offers a test and measurement system that combines the 
best features of LAN technology and rack-and-stack instrument packaging 



Modular Instruments have become increasingly popular for building custom 
test systems. In a wide variety of settings — R8eD, manufacturing, quality 
assurance, service and repair— these systems implement key setups for veri- 
fying, debugging and characterizing the designs of new products. 



A few years ago, Agilent and VXI 
Technology (www.vxitech.com) 
became concerned about the limita- 
tions of the two leading modular- 
instrument packaging technologies — 
the venerable VXI (VME extensions 
for instrumentation) and the newer, 
and usually smaller, PXI (PCI exten- 
sions for instrumentation). PXI is 
based on CompactPCI, an embedded- 
systems packaging standard that is a 
ruggedized version of PCI (peripheral- 
component interconnect), which is 
widely found in desktop PCs. 

Despite their popularity, those 
modular-instrument standards are 
hampered by several shortcomings 
that seem destined to become more 
onerous as time passes. First, both 



feature parallel buses that are becom- 
ing obsolete and that limit how far 
you can locate the modules from one 
another. Second, both are based on 
expensive shared power supplies and 
card cages responsible for cooling the 
modules that reside within the cages. 
Both also require that each card cage 
incorporate a costly Slot-0 module Or 
system controller. Most important, 
although VXI and PXI rely on com- 
puter-industry buses, they have 
evolved into specialized standards that 
derive little benefit from the computer 
industry's high unit volumes. 

Best of both worlds 

What emerged from the discus- 
sions about modular instruments is 




Agilent Syntlietic Instruments - LXI 
Class A (shown here). 



LXI (LAN extensions for instrumenta- 
tion). LXI combines the best of modu- 
lar and rack-and-stack instrument 
packaging and brings other benefits of 
LAN technology to test and measure- 
ment. For example, LXI features 
Ethernet as the method for intercon- 
necting rack-and-stack instruments in 
systems, instead of the venerable IEEE 
488, a cabled parallel bus, also 
known as GPIB (general-purpose 
instrumentation bus). 

IEEE 488 has served the T&M 
industry well over three decades, but 
its speed is no longer adequate for 
many applications. It is also routed 
through durable but large and expen- 
sive connectors and thick, balky 
cables. In contrast, Ethernet, operat- 
ing at speeds to 10 Gbps, transmits its 
bus signals serially over thin, flexible, 
relatively low-cost cables terminated 
in inexpensive plastic-bodied RJ~45 
connectors that snap together.To 
achieve physical consistency, the LXI 
standard begins with standard lEC 
(International Electrotechnical 



Power 
(100-240Vac), 



Trigger bus 



Indicator - 
lights 




I Ethernet 802.3 
(RJ-45) 



Shielding 



0000 

777r 
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(lEC rack units) 
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(lECfull- or half-rack) 



Signals 



Figure 1. The LXI standard strives for physical consistency that simplifies system 
integration and implementation. 
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Commission) rack dimen- 
sions, but also defines an 
additional smaller instrument 
size of 1 LXI unit (lU high— 
that is, 1.75-in.-and Vi-rack 
wide). The standard also rec- 
ommends the placement of 
various connections (Figure 
1). For example, compliant 
instruments use the front 
panel for signal inputs and 
outputs, plus indicator lights 
for LAN, power, and IEEE 
1588 (synchronization). The 
rear panel contains connec- 
tors for hardware triggering, 
power input, and Ethernet 
communication. Each LXI 
module must meet worldwide 
standards for cooling and EMI (elec- 
tromagnetic-interference) shielding. 
LXI modules receive operating power 
either from the ac line or, by use of 
POE (power over Ethernet) technolo- 
gy, from the network connection. 

By specifying the interaction of 
proven, widely-used standards such 
as Ethernet, Web browsers, and IVI 
(interchangeable virtual instrument) 
drivers, LXI enables fast, efficient and 
cost-effective creation and reconfigu- 
ration of test systems. Other benefits 
include: compact size and higher test 
throughput than are found with rack- 
and-stack instruments or caged 
instrument modules. Agilent and the 
more than 40 corporate members of 
the LXI Consortium believe that 
these LXI-based test systems are 
"future proof." They won't become 
obsolete any time soon. 

More than just a LAN port 

Although many current-generation 
instruments include LAN ports, LXI is 
the next logical step in the evolution 
of LAN-based instrumentation. It 
includes classic "box" instruments, 
modular instruments without panel- 
mounted controls and displays, and 
functional building-block modules 
(synthetic instruments). Even when 
space is at a premium, you don't have 
to sacrifice capability, accuracy, or 
performance. Best of all, you can use 
the same instruments — and leverage 




Figure 2. LXI specifies an informative instrument page 
that engineers can access with a standard Web browser. 



the same test-system software — across 
R&D, design validation, manufactur- 
ing, and service. Using the same hard- 
ware and software in these disparate 
activities not only cuts test-develop- 
ment time, but it also results in more 
consistent measurements and less time 
wasted in trying to correlate measure- 
ments made by different people in dif- 
ferent places. 

Every LXI-compliant device must 
also be able to serve its own Web 
page. This page provides key infor- 
mation about the device, including its 
manufacturer, model number, serial 
number, description, hostname, MAC 
(media-access control) address and IP 
(Internet Protocol) address (Figure 2). 
The standard also requires a browser- 
accessible configuration page that 
allows the user to change parameters 
such as hostname, description, IP 
address, subnet mask, and TCP 
(transfer-control protocol )/IP-configu- 
ration mode. Accessing these Web 
pages is as simple as typing the 
instrument's IP address into the 
address line of any standard Web 
browser. 

Many of Agilent's LXI-compliant 
instruments go beyond the LXI 
requirements, providing monitor and 
control capabilities in their Web 
pages. For example, you can set up a 
DMM (digital multimeter), command 
it to start making measurements and 
then read the results. The ability to 



.^control an instrument 
through a browser interface 
opens a realm of new possi- 
bilities for test engineers who 
need a simple way to access 
test systems from virtually 
anywhere in the world. 

Triggering options 

One especially intriguing 
aspect of LXI is its triggering 
and synchronization capabil- 
ities. By harnessing the capa- 
bilities of the LAN and the 
IEEE 1588 time-synchroniza- 
tion protocol, LXI provides 
a variety of triggering modes 
that are not available in 
GPIB, PXI, or VXL 
The three classes of LXI devices — 
Classes C, B, and A — implement 
these capabilities to an increasing 
degree. Class C provides the basic 
capabilities associated with LXI 
instruments. Class B adds LAN trig- 
gers and time-based triggers using the 
IEEE 1588 precision time protocol 
(both over LAN). In addition. Class 
A features a hardware trigger bus 
that enables triggering of LXI instru- 
ments in close proximity. The trigger 
bus is similar to the backplane bus of 
VXL It is an eight-pair, differential- 
voltage bus that enables 5-nsec/m 
timing accuracy for co-located instru- 
ments. Synthetic instruments are 
expected to comply with Class A. 

Combine this triggering flexibility 
with such benefits as high perform- 
ance, compact size, and web-based 
control, and it is easy to see why LXI 
is increasingly becoming the engi- 
neer's best option for effective modu- 
lar instruments. ■ 
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To learn more about LXI and products 
that incorporate it, contact: 
Agilent Technologies 
1-800-829-4444, 

www.agilent.com/find/tmw-lxi 

Agilent's LXI products are part of the 
Agilent Open Program. 

For more information, download the 
Agilent Open brochure at: 
www.agilent.com/fmd/open 
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Easing the modeling 
of lossy lines 

SIMPLE MEASUREMENTS AND STRAIGHTFORWARD TECHNIOUES NOT ONLY 
CAN OFTEN OBVIATE THE NEED FOR EXPENSIVE SIMULATION TOOLS, BUT 
ALSO CAN PROVIDE A MORE INTUITIVE FEEL FOR NETWORK BEHAVIOR. 



With common data rates quickly entering 
the gigabit-per-second domain, frequency- 
dependent losses in interconnects — 
cables and pc-board traces — are quickly 
becoming major obstacles to further speed 
increases- Thus, you can no longer ignore 
transmission losses; during system development as well as for 
device and system test, timing-budget planning requires accu- 
rate modeling of these losses- 
Today, you can buy a variety of software — both for RF- and 
time-domain (usually digital) applications — to predict those 
losses and to build equivalent-circuit models based either on the- 
oretical calculations or on actual measurements. Although pow- 
erful for experienced engineers, these tools have two severe 
downsides for engineers who need only occasionally to build 
usable models with a minimum of effort: First, the tools are 
expensive, making it difficult to justify their cost- Second, the 
more powerful their features, the more arduous their learning 
curve, so designers cannot be productive with them without 
spending a lot of time using them — again an important obsta- 
cle for an engineer whose main task is something other than 
transmission-path modeling. 

This article describes an easy-to-follow measurement-based 
method for creating practical models for lossy cables and pc 
traces, using nothing but easily available and inexpensive Spice 
and Excel software tools. As an added advantage, you will gain 
insight into the effect and behavior of those losses. In the end, 
it is more rewarding to solve a problem in a pedestrian way than 
to plug data into a program and then mindlessly believe the 
results it produces. 



LOSSY TRANSMISSION LINES 

Figure 1 shows the general model of a 
lossy transmission line: Its components are 
the series inductance L, shunt capacitance 
C, series resistance R, and shunt conduc- 
tance G. For a homogeneous transmission 
line, those parameters are distributed even- 
ly along the length of the line. For an ideal 
lossless transmission line, R and G are zero. 
(Note that R is a resistance, which you meas- 
ure in ohms, and G is a conductance, which 
you measure in siemens=l/ohms.) A fre- 
quency-dependent Rp models ohmic resist- 
ance and skin-effect loss. The skin-effect loss 



is nothing other than ohmic resistance aggravated by the inho- 
mogeneous current distribution that results from the skin effect. 
Frequency-dependent Gp represents dielectric losses. This fre- 
quency dependency causes all of the trouble in modeling sig- 
nal propagation. The general expression for the characteristic 
impedance, Z , of this line is: 



R + jcoL 



(1) 



/G + jcoC' 

and CL)=27Tf (references 1 and 2). For sufficiently high fre- 
quencies, relatively small losses, or both (R<<a)L, and G<< 
(oC), you can approximate this expression as: 



(2) 



This equation is the same as that for a lossless transmission line. 
Practical digital interfaces all fall into this range. This piece of 
information is important because it tells you that — apart from 
some signal attenuation — the signal propagation is the same as 
for lossless lines. For example, is largely independent of fre- 
quency, and the following expressions hold: 



L 



LC; 
TpQ xZq; 



and 



(3) 



C - Tpq/Zq. 



Here, Tp^^ is the propagation time through the line (Reference 
1 ). This set of equations allows you to determine model param- 
eters — in this case, L and C — based on measurements of prop- 
agation time and characteristic impedance. The general prop- 
agation constant of a lossy line is: 



y = a + jp = V(R + i«L)x(G + jcoC), 



(4) 
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where a (the real- valued part) describes the 
signal attenuation, and jP (the imaginary 
part) describes the wave propagation along 
the line. Under the same low-loss assump- 
tions as before. Equation 4 approximates to: 



Figure 1 In the general model of a 
lossy transmission line, its compo- 
nents are the series inductance L, 
shunt capacitance C, series resist- 
ance R, and shunt conductance G. 



1 

a -X 
2 



(5) 



p = CO X VlC = CO X Tj 



For a lossless line, a is zero. An important 
conclusion from a in Equation 5 is that the 
signal gain through a lossy line is: 
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GAIN: 



V, 



OUT 



R 

"2Zo 



2 



(6) 



IN 



where and V^^^ are the signal amplitude entering and exit- 
ing the line, respectively. Although transmission theory usual- 
ly talks in terms of gain, in this case, the gain is always less than 
one, so it is really a loss- Equation 6 is the third formula you 
need to build a model, because it relates the measured loss 
through a cable or trace to the loss parameters R and G- Because 
gain or loss can span a wide range of magnitudes, it is usually 
stated in the logarithmic decibel scale. Thus, 



GAIN^B = 20 X log(G AIN) =-20 x log(e) x 



^ R G^ ^ 
v2Zo^ 2 



LOSSdB =-GAINdB. 



LOSS MODELS 



(7) 



The only piece of theory still missing is a set of models for 
the behavior of the different loss contributors versus frequen- 
cy. The easiest is ohmic dc loss, because it does not depend on 
frequency. It forms one part of the series resistance R, and is 
denoted as R^^^. Skin effect causes the second part of the series 
resistance. For a perfect coaxial cable, the skin resistance is pro- 
portional to the square root of the frequency, and you can even 
derive an analytical expression for the proportionality factor 
(references 1 and 2). For arbitrarily shaped transmission lines, 
such as striplines in a pc board in which the field distribution 
is more complicated, this approach no longer works, but the 
square-root behavior remains at least approximately valid. Thus, 
you can model the series resistance due to skin effect as: 

xVf. 



R 



SKIN ■ 



^SKIN • 



(8) 



For these purposes, the factor kg^^^^ is simply a fit parameter, 
which you adjust to match the measured behavior. The skin 
resistance and the dc resistance add to the total resistance to 
produce: 



R - ^DC + R 



SKIN- 



(9) 



This equation is only a rather crude approximation, but, as 
you will see later, it greatly simplifies fitting the loss behavior 
to the measured data. Reference 2 mentions that you can 
achieve a better fit to the actual resistance trend by taking the 



root-mean-square of R^^^^ and Rg^^jj^- 



-that is, R=V(Rn 



+R 2) 

Finally, dielectric losses — represented by the shunt conduc- 
tance, G — increase approximately linearly with frequency. This 
rule is just an approximation, because, for any real- world dielec- 
tric material, the loss tangent, tan8, varies somewhat with fre- 
quency, although the variation is much smaller than the fre- 
quency variation. That is, 

\2 



G = 27ixf xCxtan6^ 
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(10) 



You'll soon see the advantage of the strange square-root for- 
mulation. Just as for the skin effect — because you usually don't 
know the effective loss tangent — k^^^^^is a fit parameter that you 
adjust to best fit the measurement. 

You can now insert those loss models into the general expres- 
sion for the total line losses: 

GAINdB(f) = 
-20 X log(e) X 



R 



DC 



2Zn 



'^SKIN 
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-0 ^^0 ^ 
If you look closely, you see that — if you plot the measured gain 
in decibels versus the square root of the frequency instead 
of the frequency itself — the equation reduces to a simple para- 
bola: 

GAINdBW = a + bx + dx^ 
x = Vf. 



a =-20 X log(e) x ^— x Rj^^ 



b =-20 X log(e) X 



2Zo 
1 

2z;^ 



(12) 



xk 



SKIN- 



S21 GAIN 

(dB) -2 



d=-20xlog(e)x^xk 



100 kHz 1 MHz 10 MHz 100 MHz 

FREQUENCY 



1 GHz 



10 GHz 



Figure 2 In this comparison of the measured-loss curve and the 
model-simulation results, the match is excellent over the whole 
range, especially considering that the model comprises just one 
circuit element in PSpice. 



DIEL- 



In other words, once you have measured the loss in decibels 
over a range of frequencies, the actual data fitting becomes 
almost trivial. One possibility is to use Excel for this task, because 
almost every engineer has it readily available, and it can per- 
form polynomial fits. But any other fitting software will also do 
the job. From the fit parameters a, b, and d, you can then eas- 
ily calculate the loss parameters R^^^^, kg^^^, and k^^^^^. 

MEASUREMENT AND MODEL-BUILDING 

For practical measurements, a VNA (vector-network ana- 
lyzer) is the tool of choice. A scalar network analyzer will do 
just fine for the loss measurement, but you will need to deter- 
mine the propagation delay, Tp^^, with some alternative method, 
such as TDR (time-domain reflectometry). If no network ana- 
lyzer is available, you can measure the attenuation using a sine- 
wave source (an RF generator) and an oscilloscope, though it 
is a bit tedious to acquire a sufficient number of points, and accu- 
rate measurement of small losses is difficult. The reasons that 
it is better to do the modeling in the frequency domain are 
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twofold: First, losses have an easy-to-describe behavior in the 
frequency domain, in contrast with rather difficult-to-interpret 
time-domain behavior (for example, step response)- Second, 
VNAs have unparalleled amplitude-measurement — and, 
therefore, loss — resolution, which can cover the whole range, 
from very small to very large losses- (A VNA can easily reach 
an SNR of 100 dB — a factor of 10^, whereas an oscilloscope is 
hard-pressed to reach even 60 dB — a factor of 10^.) Neverthe- 
less, the resulting Spice model is not restricted to frequency- 
domain simulations (ac sweeps). Rather, it performs just as well 
in a time-domain simulation (transient response)- 

You need to set the frequency sweep to logarithmic and meas- 
ure the absolute value of the transmission coefficient, S^^ — plot- 
ted on a decibel scale- S^^ is then identical to the gain in deci- 
bels from before. (Note that S^^ is a complex value; it has both 
magnitude and phase.) You then transfer the data to a computer 
equipped with Excel or some other plotting program, replot the 
curve versus the square root of the frequency, and use Equation 
12 to fit the curve to the data and to obtain R^^^^, kg^^^^, and ^^^mv 
The choice of frequency sweep — linear or logarithmic — has a 
slight influence on the fit result: A linear sweep overemphasizes 
the high-frequency range, whereas a logarithmic sweep dis- 
tributes the measured data points evenly over the whole range. 

Next, change the VNA setup to display the group delay of 
S^^. The group delay is defined as the derivative of the phase, 
c|), over the frequency, f. That is. 



d(p 
df * 



(13) 



For dispersionless paths, the group delay has a simple mean- 
ing; in those cases, it is identical to the propagation delay, Tp^^, 
of the path. Fortunately, this scenario normally closely approx- 
imates the real situation. The condition for constant group delay 
is that the dielectric constant, e, does not vary with frequency. 
The dielectric constant can be truly frequency- independent only 
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Figure 3 In the parabolic fit and the resulting fit parameters, the 
do resistance is negligible; so, in the fit, the y intercept is set to 
zero. 



TO MINIMIZE THE IMPACT OF 
FRINGE EFFECTS, ALWAYS 
START WITH THE LONGEST 
CABLE OR TRACE AVAILABLE. 

for lossless media; whenever losses occur, the dielectric constant 
changes over frequency (governed by the so-called Kramers-Kro- 
nig relation). (If the VNA does not offer the option to display 
the group delay directly, you can instead display the phase. You 
then calculate the group delay from the slope of the phase 
curve.) One potential trap is that the VNA calculates the group 
delay numerically, based on the phase difference between adja- 
cent data points. If the frequency spacing between points is too 
large, this approach can yield erroneous results because the phase 
wraps around every 360°. To avoid this problem, you need to 
ensure that the VNA sweep uses sufficiently closely spaced 
points. A simple test is to double the number of points and ver- 
ify that the displayed group-delay curve does not change. The 
group-delay display usually yields useful readings only in the 
region above 100 MHz; for lower frequencies, the phase change 
is small because the wavelength is much longer than the prop- 
agation time, and measurement noise and other inaccuracies 
thus heavily impact the result. You usually know the path imped- 
ance, Zq, from pc-board design parameters or the cable data 
sheet. In digital applications, it is almost without exception 50H. 
Thus, you can calculate the total line capacitance, C, and the 
total line inductance, L, using Equation 3. 

A few more measurement hints may be useful. First, to min- 
imize the impact of fringe effects, always start with the longest 
cable or trace available. In other words, path loss must domi- 
nate effects of impedance mismatches at the connection points 
at both ends of the cable or trace — for example, SMA con- 
nectors or probes. Otherwise, characterization and mathemat- 
ical de-embedding of those connectors, which go far beyond the 
scope of this article, become necessary. This area is one in which 
professional modeling tools are useful. Second, use the widest 
frequency range available — as low and as high as the VNA can 
go — because the wider the range, the more reliable the curve 
fit will be. It is always more accurate and reliable to interpolate 
than to extrapolate, although one of the benefits of this fitting 
method is that it allows you to confidently extrapolate losses 
beyond the measured range if necessary. Ideally, you should go 
to at least twice the highest frequency present in the signal — 
that is, to at least twice the signal bandwidth. For a digital sig- 
nal, the signal's 10 to 90% rise time, rather than the data rate 
or clock frequency, gives the approximate bandwidth: 



0.33 

rR,10/90 



(14) 



Spice is a popular simulation tool. Among Spice variants. 
Oread's PSpice is a good choice because it offers a lossy-trans- 
mission-line model as a built-in library component, and a free, 
fully functional, downloadable demo version is available that 
restricts only the number of components you can use (Refer- 
ence 3). The fact that the download is free greatly reduces the 
cost of getting started if you want to try modeling. The only issue 
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is that PSpice does not offer frequency as a 
parameter for lossy lines but instead provides 
the Laplace parameter, s^ZTrjf- You can 
quickly overcome this limitation by substi- 
tuting: 
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= abs|^ 



(15) 
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In addition to the parameters C, L, R, and G, the lossy-trans- 
mission-line model in PSpice offers the LEN (length) parame- 
ter. Because the calculated parameters refer to the total line, you 
can simply set LEN to L After you model the line, this param- 
eter provides a way to scale the model up or down for different 
line lengths — ^for example, you have measured a long line to min- 
imize connector effects but want to build a model for a shorter 
section of the same type of line- Finally, if you want to use for- 
mulas for parameters in PSpice, you must enclose them in braces. 

If you have no access to the far end of the line because, for 
example, it ends in a socket or in a needle-probe head, you can't 
make transmission measurements. The easy solution is to meas- 
ure the reflected signal, S^^ instead of S^p because doing so 
requires only one connection to one end of the line. For this 
approach to work, the line's other end — that is, the far end — 
must remain unterminated. The signal then traverses the line, 
is fully reflected at the far end, and returns to the source, so it 
effectively traverses the line twice. Data collection and fitting 
occur as usual. The only difference is that you must halve all 
measured values to represent a single traversal. This procedure 
neglects the effect of the parasitic fringe capacitance that can 
differ when the line is open compared with when it is termi- 
nated at the far end. 

AN EXAMPLE 

The following example applies the theory to a practical sit- 
uation. The object to be modeled is a coaxial cable with an SMA 
connector on each end. The intended signal bandwidth is 
approximately 2 GHz. The VNAs frequency range — 300 kHz 
and 8.5 GHz — is sufficient for this application. You need to take 
care in calibration, however, because even slight errors affect 
the accuracy of the measured parameters, especially in the low- 
frequency region in which the losses are small. 




Figure 4 In the PSpice model for simulation, to match the VNA 
measurements, you must terminate the lossy line with a matched 
son termination, and the ac sine-wave source also must have 
500 output impedance. 



Figure 2 shows the measured loss 
curve as well as the model-simulation 
results. The match is excellent over the 
whole range, especially considering that 
the model comprises just a single circuit 
element in PSpice. The slight wiggle at 
high frequencies is due to reflections at 
the connector discontinuities, which 
the model does not include and therefore can't reproduce in the 
simulation. Figure 3 shows the parabolic fit and the resulting 
fit parameters. The dc resistance is negligible, and thus the curve 
fit omits it by setting the y intercept to zero. For the measured 
and fitted parameters, is SOU, which you know and have ver- 
ified with TDR; Tp^^ is 2.8 nsec, which you know and have ver- 
ified using group delay or TDR; a is zero, with negligible dc loss- 
es; b is 2.826X10-5 from the curve fit; and d is 8A48XlO-^\ 
also from the curve fit. 

From this formula, you can calculate the model parameters 
for the lossy cable using equations 3, 12, and 15: LEN = 1, 
C=56 pF, L= 140 nH, R={3.254X lO'^X Vabs(s/27T)}, and L= 
{3.752Xl0-i^Xabs(s/27T)}. 

Figure 4 also displays these parameters along with the 
PSpice model used for simulation. To match the VNA meas- 
urements, you must terminate the lossy line with a matched 
5 on termination, and the ac sine- wave source also must have 
5 on impedance. Even though the plot is a frequency-domain 
sweep, you could just as easily use the same PSpice model for 
time-domain transient simulations without any changes to the 
model itself. 

If you are interested in the quality of the cable's dielectric, 
you can determine the loss tangent using Equation 10 with 
C=56 pF and k^^^^=3J52-10-'\ 



tan 5 - 



^DIEL . 
271 xC 



: 0.0011, 



(16) 



which shows that the dielectric is indeed a very-low-loss 
material. 

If your Spice version offers no built-in lossy- transmission-line 
models, you can use these parameters for the whole line and 
divide them into a chain of small, lumped sections from discrete 
elements (Figure 1). However, the simulator must be able to 
accept frequency-dependent values for R and G, and this 
requirement will likely be a breaking point for many simulation 
tools. To avoid model artifacts, the propagation time through 
each lumped section should be smaller than about one-tenth 
of the fastest signal rise time for which the model shall be valid. 
In other words, the number of those sections should be at least 



N>10x- 



and the component values for each section are: 



(17) 
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G 

N'""' N'" ' N' ' N* 
SUMMING UP 

You can create highly usable, accurate models of lossy trans- 
mission lines, including cables and pc-board traces, using only 
a minimum of mathematics and readily available tools — a VNA, 
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Excel, and PSpice — and following a simple recipe; you simul- 
taneously gain understanding about loss behavior. An exten- 
sion of the method would include approximate models of the 
connectors. A lumped capacitance or inductance often suffices, 
and you can analytically add it to the fitting process without 
recourse to numerical modeling, but you must experimentally 
determine the numerical values — either through TDR or time- 
domain transformation of the VN A data. Using the root-mean- 
square sum for skin resistance and dc resistance could also 
improve the quality of the fit parameters at the cost of making 
the fit nonpolynomial, which would require more elaborate fit 
routines. However, for most applications, the method is likely 
to provide more than adequate model accuracy and is easy to 
implement on a variety of fit and modeling tools. 

Finally, many engineers working with digital signals have no 
access to a VN A but have oscilloscopes that can perform time- 
domain-transmission measurements; in such cases, you can har- 
ness step-transmission data to get the loss parameters through 
Fourier conversion of the time-domain data into S-parameters 
(Reference 4).EDN 
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ACROSS 

2 The name of the high-performance, 
multithreaded, Nl data acquisition 
driver 

5 He helped to derive mathematical 
operations that transforms a signal 
from the time domain to the 
frequency domain, and vice versa 

8 Unwanted signals 

9 A measure of the capability of a 
DAQ system to faithfully indicate 
the value of the measured signal 

1 10 Containing one or more type of 
I/O operation on a single device 

1 16 Annual conference of virtual 
instrumentation held in Austin, TX 

1 17 A semiconductor device containing 
programmable logic components 
that can be reprogrammed based 
on varying functionality requirements 

1 18 Devices that convert a physical 
phenomenon into a measurable 
electrical signal 

1 19 18 bits of this provides 262,144 
discrete levels 

I 20 He helped discover that a signal 
must be sampled at least twice as 
fast as the bandwidth of the signal 
to accurately reconstruct a signal 




Go to www.edn.com/crossword to complete 
the crossword online and to view the puzzle's solution. 



DOWN 

Number of years since National 
Instruments was founded 
Circuitry and components to protect 
from high-voltage transients, ground 
loops, and common mode voltages 
Ask questions, watch demonstra- 
tions, read white papers, and learn 
about the latest technologies at the 

Nl Developer . 

Butterworth, Chebyshev, Elliptic, 
Bessel, etc. 

Acquiring two or more different 
signals at the same time 
PC-bus with external connection 
for hot-swappable, plug-and-play 
operation 

Industry leading data acquisition 
series of devices from Nl 
New high-speed PC-bus with serial, 
point-to-point topology 

14 Fundamental components used to 
digitize and generate analog signals 

15 An event that occurs in order to begin 
an acquisition or generation 

Sponsored By: 

^mflTNATIGNAL 
^INSTRUMENTS 



86 EDN I APRIL 13, 2006 





c 























HPSS^v^O 

THE POWER OF 1 □ 



Experience the power of HFSS vIO and 
discover why it's the industry standard for 
high-performance electronic design. VIO 
powers high-frequency, high-speed design 
complexity and reduces design time with 
EM-circuit co-simulation for RF/Microwave, 
EMI/EMC Optics, RF/Analog IC and multi- 
gigabit designs. V10 powers design-flow 
efficiency with robust CAD integration, 
geometric healing, model resolution and 
fault-tolerant meshing. VIO powers design 
optimization and engineering throughput 
with optional distributed analysis for paral- 
lel computing. Achieve the power of 10. 



^SOFT 




ALLIED 



your power supply 
distributor of choice, 



ca$ELU.s.n.,n 



UMBDJIA 



CONDOR 





E^DEC 


rTlPHCENIX 
UJCONTACT 

INSPIRING INNOVATIONS 





See section 12 to browse over 60 pages of power 
supply solutions from these great manufacturers. 



ALUED ELECTRONICS" 



With Allied, your electronic and 

electromechanical product solutions are 
unlimited. If it's not in our catalog, 
WE'LL FIND IT FOR YOU. 



1.800.433.5P00 



alliedeleC|^com 



BY BARTON SANO AND ANU SUNDARESAN . BROADCOM CORP 



Multiprocessor architectures 
tackle tough processing 
demands 



OPTIMIZE POWER AND PERFORMANCE 
WITH A MULTIPROCESSOR SOC APPROACH. 

High-performance applications, such as multi- 
function intrusion-detection and firewall-secu- 
rity functions in enterprises and high-speed pro- 
tocol processing in wireless and storage net- 
works, including PPP ( Point- to-Point proto- 
col), iSCSI, and TCP (Transmission Control 
Protocol) termination, increase processing demands in two 
dimensions- A system must not only handle more data, but also 
perform deeper packet processing. Today's engineers face the 
daunting challenge of implementing the significant increase in 
processing capabilities for these applications and keeping power 
dissipation under control- 
Traditionally, engineers increase the processor-clock frequency 
to achieve higher performance levels. However, frequency scal- 
ing is no longer the panacea for increasing performance because 
devices hit the "power wall," at which transistors leak as much 
current when they are inactive as when they are active. For 
example, Intel's (www.intel.com) Pentium processor at 4 GHz 
operates at lOOW. 

At some point, frequency scaling reaches a point of dimin- 
ishing or negative returns as internal chip architectures begin 
to break down (Figure 1). Processors become I/O- or memory- 
bound as architectural resources become more unbalanced, 
which limits the achievable performance gains. To scale per- 
formance without breaking power budgets or processor archi- 
tectures, innovation must occur beyond scaling the manufac- 
turing process. 

A common approach to increasing performance has been to 
leverage SOC (system-on-chip) integration and hardware accel- 
eration. When optimizing performance, designers must adhere 
to a strict power budget; sometimes, reducing the clock fre- 
quency further reduces power. For many applications, running 
multiple processors at a lower clock speed can provide per- 
formance equivalent to and consume significantly less power 
than that of a single high-frequency processor. For example, four 
1-GHz cores can provide the same performance as a single 4- 
GHz core. With each 1-GHz core operating at 3W, a quad-core 
architecture consumes 12W, or 12% of the power a 4'GHz Pen- 
tium requires. 

To achieve optimal performance, developers must combine 
these approaches to improve performance and power efficien- 
cy. In some cases, changes in design methodology, such as fine- 



grained clock gating, are appropriate. Moving to a multi- 
processor architecture requires rethinking SOC design, espe- 
cially with highly integrated SOC devices, because the bottle- 
necks for board-level systems vary greatly from those for chip- 
level systems. From a software perspective, executing an appli- 
cation across multiple cores requires application partitioning, 
efficient use of available hardware-acceleration resources, robust 
interprocessor-communication mechanisms, and contention 
avoidance for shared resources. Additionally, applying dynam- 
ic power management at the application level can achieve con- 
siderable power savings. 

RETHINKING INTEGRATION 

With advances in SOC manufacturing, designers can inte- 
grate an entire multiprocessor subsystem onto a single chip. The 
collocation of components within the same device produces 
immediate and direct benefits for reducing latency between 
components and better control of contention and coherency. 
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HIGH-END 
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TRADITIONAL 
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DESIGN SIZE 

Figure 1 As performance increases in single-core architectures, 
so does design complexity and power consumption. With 
increasing frequency scaling, processor architectures eventually 
hit the power wall, at which transistors leak as much current when 
they are idle as when they are active. 
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Reducing latency increases overall performance, and managing 
coherency eases programming complexity and improves per- 
formance. The approach yields other immediate power savings 
because signals need to travel across only the chip rather than 
the board, which results in a drop in capacitive loading and sig- 
nal-driver size- Other efficiencies include shared resources, such 
as memories, that reduce the memory-chip count and the num- 
ber of required controllers- 
Key architectural differences arise when designers connect 
components in a board-level architecture versus an SOC 
implementation. If an SOC implementation is merely the 
shrunken version of a board-level implementation, the same 
bottlenecks arise for either approach. Board-level architectures 
cannot take advantage of SOC architectural efficiencies. For 
example, memory-bus bandwidth is often one of the first 
resources to become unbalanced in a high-frequency, single-core 
architecture, as processor capacity outstrips the ability of the sys- 
tem bus to stream data to the processor. By its integrated nature, 
an SOC device enables more granular control of resources, but 
the architecture must exploit this granularity to increase per- 
formance and power efficiency. 

Consider a multiprocessor system using several discrete chips, 
in which each processor can access memory and I/O through 
the appropriate bridges (Figure 2a). A direct SOC implemen- 
tation of the board-level architecture looks almost identical, 
with the system bus becoming an internal chip bus (Figure 2b). 
The internal bridge significantly reduces bus latencies. Even 
though the overall interconnect infrastructure is in a different 
medium, the components are still logically independent, and 
they fail to take full advantage of substrate characteristics. For 
example, when running a bus between chips, minimizing the 
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Figure 2 A multiprocessor system built using discrete devices relies upon a system 
bus to provide access between individual processors and bridges to system 
resources (a). Implementing this architecture in an SOC carries board-level inefficien 
cies into the SOC (b). 



bus width is a key design consideration to manage pin count, 
ease the trace layout, reduce the required board space, and lower 
the overall power consumption. When the interconnect is on 
a substrate, keeping buses narrow becomes less important. As 
a consequence, using the same-width bus on an SOC as a board- 
level implementation unnecessarily constrains the system. 
Therefore, it is essential to rebuild an SOC instead of mapping 
components directly from a board-level implementation. You 
need to rebalance all interconnects, shared resources, and their 
controllers. 

Integration enables greater systemwide visibility, resulting in 
a more efficient use of resources. For example, when the mem- 
ory controller or I/O bridge is on-chip, it has access to the var- 
ious CPU-system states and can make optimal decisions about 
how to schedule local and system-level accesses. A new capa- 
bility that is possible with on-chip integration is a shared L2 
cache and memory subsystem for each CPU core that can 
increase the efficiency of data passing between the cores ver- 
sus a distributed architecture. A shared cache also eases the 
maintenance of data coherency. 

The heart of a multiprocessor system is the interconnect archi- 
tecture; it defines how the various resources communicate with 
each other and, as a consequence, how to manage issues such 
as contention and coherency. The three primary types of inter- 
connect architectures are bus, ring, and switched. A shared bus 
connects all resources on a single bus. Rings and switches con- 
nect resources on a point-to-point basis. To achieve the lowest 
overall system power, the system must balance performance and 
the ability to manage coherency. 

The chief advantage of a shared bus is that all transactions 
are visible to all resources. It provides a broadcast capability for 
implementing efficient data-coherency 
mechanisms. For instance, a single bus trans- 
action completes the coherency mechanism 
because all processor cores, caches, memory 
controllers, and high-speed I/Os are on the 
same bus. Employing low- voltage swing tech- 
niques and avoiding full-voltage rail swings 
can also significantly contain bus power. 

In contrast, a switch requires less band- 
width between each system component. 
However, to communicate with all of the 
other resources, such as for integrated 
coherency management, a processor must 
send and resolve multiple bus transactions, 
increasing overall latency. In a four-core sys- 
tem, for example, one core must send a trans- 
action to each of the other three cores as well 
as receive an acknowledgment back for a 
total of six transactions, not including the 
transactions required to update memory and 
I/O controllers. 

From a software developer's perspective, 
moving to a multiprocessor architecture 
introduces a potential increase in software- 
design complexity when partitioning appli- 
cation processing across several cores. For- 
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tunately, many high-performance applications scale in a pre- 
dictable and symmetrical fashion, such as doubling the num- 
ber of channels or streams supported in VOIP ( voice-over- Inter- 
net Protocol) applications or processing 10 times the data in 
communications applications moving from 100-Mbps to 1-Gbps 
Ethernet- Developers can still write code in the single-thread- 
ed fashion they are accustomed to when developing for a mul- 
ticore architecture- Developers need to adjust their approach 
to managing shared resources. 

Within single-core, high-frequency architectures, the chal- 
lenge of accessing resources, such as memory, is more a matter 
of managing limited bandwidth access when the architecture 
is unbalanced for an application. With the wider internal inter- 
connect of multiprocessor SOCs, bandwidth imbalance is no 
longer an issue. Rather, the challenge shifts to managing access 
and contention for shared resources. For example, when one 
CPU core operates on a block of data, it may modify the data 
but delay writing the modification back to memory. If another 
CPU core tries to use the data, the value may be invalid. Mem- 
ory-coherency mechanisms prevent this situation, either by sup- 
plying the modified value or by locking the data until the first 
CPU core has written and released modifications. 

When encompassing the SOC architecture itself, the SOC 
can effectively address management of latency and contention, 
making contention a relatively transparent issue for develop- 
ers. Additionally, hardware-managed coherency reduces laten- 
cy. Software-managed coherency consumes execution cycles, 
increasing latency and power consumption. Again, in high-per- 
formance applications, power and performance are intimately 
tied together. Increasing performance efficiency by 5% reduces 
power consumption by 5%. 

MANAGING POWER 

The first axiom of reducing power is to turn off any compo- 
nent that is not in use. Many processors have mechanisms for 
placing idle peripherals and system blocks into standby or sleep 
mode until you need them. However, high-performance appli- 
cations, such as networking, enterprise storage, high-density 
computing, and wireless infrastructure, are typically running at 
near to full usage, so such power-management techniques offer 
limited savings. The next best way to conserve power, then, is 
to design code that maximizes performance by taking advan- 
tage of the architecture's strengths but does not needlessly throw 
away power, such as by accessing data in such a way that caus- 
es the CPU to wait unnecessarily. 

In many cases, multiprocessor devices provide automatic 
mechanisms for improving performance and power consump- 
tion through integrated controllers. For example, data 
coherency is a problem of sufficient complexity that mechanisms 
to manage it among CPUs, caches, memory, and I/O must be 
integral parts of the multiprocessor architecture to be effective 
and efficient. 

Developers should not unintentionally break these mecha- 
nisms through inappropriate coding techniques. For example, 
when porting a system from a single-core to a multicore archi- 
tecture, managing cache coherency takes a different turn. In a 
single-core implementation, the CPU must flush the cache to 



make sure to write all data modifications before sending the data 
to an I/O port. Flushing the cache is unnecessary in a multi- 
core architecture that supports data coherency. Hard-coding- 
cache flushes unnecessarily burn bandwidth and power, reduce 
performance, and increase latency. 

Modifications to how an application accesses memory may 
also yield savings. When accessing memory, instead of making 
several separate accesses, group multiple accesses together con- 
secutively or by type. Consecutive groupings bring several data 
that the system typically accesses at the same time within the 
same physical memory line or bank. The system can read four 
consecutive 8-bit values with a single 32-bit access if they reside 
on the same memory word. Within a function, locating data on 
the same page eliminates paging overhead. 

When grouping by type, one approach is to reorder a series 
of reads and writes, grouping several reads and then several 



SOFTWARE-MANAGED 
COHERENCY CONSUMES 
EXECUTION CYCLES, 
INCREASING LATENCY AND 
POWER CONSUMPTION. 



writes at once. This approach avoids unnecessary bus turn- 
around, which is the latency that converting a bus from a read 
transaction to a write transaction or vice versa produces, improv- 
ing overall performance and power. 

In either case, be wary of leaving grouping entirely up to a 
memory controller. Some memory controllers enforce "fair 
access" to memory resources. As a consequence, transactions 
from multiple CPUs can break up a coordinated memory burst, 
or grouping, reducing efficiency. 

To achieve the most gains from grouping, you must be aware 
of the application level to avoid creating instances of false shar- 
ing in which data groupings actually increase latency. Consid- 
er a system flag with an instance for each of four processor cores, 
during which most of the time only the owning processor access- 
es its flag. If you allocate the four flags as an array, you allocate 
them in physically consecutive memory. This situation creates 
inefficient false sharing in the cache. Caches have several lines 
of multiple bytes, each of which one memory or I/O-resource 
CPU owns. When you define the array of flags, you contigu- 
ously allocate the flags in memory. In other words, they share 
the cache line when the system reads them into the cache. 

One protocol for managing coherency is MESI (modified, 
exclusive, shared, invalid). According to MESI, when a proces- 
sor or another resource wants to write a line of data, it needs to 
ask for exclusive ownership. In the case of the array of flags, own- 
ership of the cache line ping-pongs between CPUs, even though 
no actual sharing of data takes place and there is no coheren- 
cy to manage. 

Gaining access to the cache line causes a stall with managed 
coherency; thus, the transaction takes about as long as if the 
data weren't in the cache at all. Although this stall is still rel- 
atively efficient, you can eliminate it. Over several types of data 
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and throughout a system, such inefficiency can add up- Addi- 
tionally, it potentially consumes cache space that you could put 
to better use, minimizing the efficiency of the cache. Proper pro- 
filing and analysis tools can help identify situations in which 
false and unintentional sharing can occur and eliminate 
instances in which multiple agents fight unnecessarily for the 
same cache line- 

The alternative to array allocation, in this case, is to define 
the processor flags in a record. Instead of grouping together each 
set of four corresponding flags, record allocation-group flags by 
the processor they belong to. Because the consecutive flags 
belong to the same processor, ownership of the cache line 
remains stable. 

Another way to improve cache and memory performance is 
to allocate data that a function uses exclusively apart from data 
that other functions use, especially when a function is working 
with a lot of data that writes and reads continuously. Clearly 
differentiating local and global data avoids another form of false 
sharing and can achieve more efficient bursts that minimize 
requests for exclusivity and bus turnarounds. 

Prefetching can also improve cache efficiency. For example, 
when streaming in a packet, arrange to allocate a header direct- 
ly to the L2 cache for immediate use by the I/O port that owns 
the cache line. The payload, which the CPU needs to touch 
only once, can bypass the cache, thereby not unnecessarily push- 
ing still-useful data from the cache. Carefully controlling what 
can enter the cache improves cache efficiency. Again, maxi- 
mizing performance improves power consumption. Efficient 
memory and cache usage results in direct performance and 
power savings. 

HARDWARE ACCELERATION 

Certain operations suit hardware acceleration. Moving their 
implementation into hardware through a configurable acceler- 
ation engine both improves performance and lowers power con- 
sumption by offloading the main 
CPU core. Consider checksum com- 
putations, which are integral parts of 
many data- integrity mechanisms, 
because they provide a level of con- 
fidence that received data is not cor- 
rupt. You must calculate the check- 
sum immediately upon receipt of data; 
it serves little purpose to bum cycles 
processing data that you must discard because you later discover 
it has errors. Additionally, retransmission mechanisms can react 
more quickly, such as by triggering a resend, the sooner you con- 
firm data corruption. 

With a hardware-checksum engine in place, you can direct- 
ly place received data in internal or external memory using 
DMA, depending on how and when you will see the data. In 
this way, there is no impact on the CPU, and data is ready to 
load when the CPU requests it. However, if you must verify the 
checksum, data must pass through the CPU. After you place 
the data in memory, the CPU must perform an additional mem- 
ory read and then use the data in the checksum operation. Alter- 
natively, the memory controller can use DMA to place the data 
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directly into the cache, speeding the load operation. However, 
the CPU must now store the result in memory, so there is a per- 
sistent copy, thereby consuming an extra checksum cycle. 

With a programmable checksum engine, the checksum of 
incoming data can process independently of any CPU. In this 
way, the checksum operation and load or store cycle occur in 
parallel, decreasing processing latency. Additionally, the check- 
sum engine consumes less power than if a CPU handles it. Final- 
ly, by avoiding the CPU, the data does not flush more pertinent 
data from the cache. 

Ideally, an acceleration engine is itself somewhat general-pur- 

CLEARLY DIFFERENTIATING 
LOCAL AND GLOBAL DATA AVOIDS 
FALSE SHARING AND CAN MINI- 
MIZE REQUESTS FOR EXCLUSIVITY 
AND BUS TURNAROUNDS. 

pose, enabling the same engine that can compute a checksum 
to calculate a CRC (cyclic redundancy check) or create XOR 
signatures for RAID (redundant-array-of-independent-disk) 
applications. Additionally, although a function such as a CRC 
is a fixed algorithm within an application, the engine should 
support a configurable element to identify implementations of 
the function. For example, if an external TOE (TCP/IP offload 
engine) is in use, you must turn off the CRC engine on either 
the processor or the TOE. If the engine, such as an inline TOE, 
is outside the processor, it must be able to queue multiple data 
streams for multiple CPUs. 

The key to sharing resources is to avoid synchronization. 
Excessive synchronization overhead is one factor that has pre- 
vented designers from more quickly adopting multiprocessor 
implementations. Consider two CPUs sharing an Ethernet 
MAC (media-access controller). Typically, the status register 
clears itself when the CPU reads it. Therefore, the first CPU 
to read the status knows what's happening, but the other CPUs 
don't. Alternatively, manually clearing the MAC status regis- 
ter introduces the challenge of knowing when all the CPUs 
interested in seeing the status have had a chance to read it, so 
that one of them can clear it. Other problems include adding 
to the output queue and synchronizing with other CPUs to 
determine the current end of the queue. 

Synchronizing CPUs to resolve these issues could consume 
many cycles and add significant complexity to a simple I/O 
transaction. SOCs efficiently split a single resource between 
multiple CPUs and avoid contention in two ways. An integrated 
controller that manages separate queues and interrupts for each 
CPU gives each CPU independent control of its own data 
streams, and the controller resolves all synchronization. Soft- 
ware configurability enables each CPU to flag priority or spe- 
cial-case transactions. The controller can also optimize trans- 
actions, such as grouping multiple contiguous transactions, to 
share the resource in intelligent ways that an external controller 
cannot. The controller differentiates incoming traffic and routes 
it to the proper CPU. 
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Second, you can modify the I/O port on an SOC to support 
multiple CPUs- For example, a MAC could offer multiple sta- 
tus registers, one for each CPU- By providing controls for each 
CPU, the CPUs need not consult each other to use the 
resource. 

Another means of improving performance and power usage 
is through interrupt steering. For example, data coming from 
an I/O port often splits between multiple CPUs. If one CPU 
owns the I/O, when data arrives for another CPU, an interrupt 
for the I/O occurs, which the owning CPU must relay to the 
correct CPU. Such relaying adds latency and reduces the deter- 
minism of the CPU. 

Hardware-based interrupt steering issues an interrupt direct- 
ly to the correct CPU. Efficient steering becomes important 
when multiple CPUs want to access the same resource. For 
example, you could dedicate one CPU to managing all incom- 
ing packets from an I/O port and bearing the entire load of eval- 
uating which CPU should receive which packets. Alternatively, 
steering hardware could direct packets based on a fairness sched- 
ule to a particular CPU. 

Power limits performance in high-performance architectures, 
and, accordingly, you can no longer achieve the performance 
required to support the increasing complexity of multifunction 
devices simply by throwing additional megahertz at the prob- 
lem. To address issues of escalating power consumption, engi- 



neers need to turn to multiprocessor-SOC architectures that 
integrate memory and I/O for efficiently sharing resources on 
a single die. Internal mechanisms for managing coherency and 
contention remove much of the complexity of multiprocessor 
design, and, with an understanding of multiprocessor architec- 
tures, developers can port their single-core code to work with 
these mechanisms to maximize performance and minimize 
power consumption. B)N 
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and high reliability processes, the LTM4600 simplifies the design and layout of your next power supply. 



Features 



w 



15mm X 15mm x 2.8mm LGA with 
15X/WejA 

Pb-Free (e^), RoHS Compliant 

Only Cbulk Required 

Standard and High Voltage: 
LTM4600EV: 4.5V<Vin<20V 
LTM4600HVEV: 4.5V<Vin<28V 

0.6V<VouT<5V 

Iout: lOA DC, 14A Peak 

Parallel Two ^Modules for 

20A Output 



loUT 
5A/DIV 



Ultrafast Transient Response 

2% AVqut with a 5A Step 




25MS/DIV 

: 12V, VouT = 1-5V, OA to 5A Load Step 
= 3 X 22jiF CERAMICS, 470jlF PCS CAP) 



Info & Online Store 



www.linear.com/micromodule 

Literature: 1-800-4-LINEAR 
Support: 408-432-1900 



LT1VI4600 
Application | 
# Notes 

Available for 
Download 



JIZ LTC, LT, LTM and Polyphase are registered trademarks and 
piModule is a trademark of Linear Technology Corporation. All 
other trademarks are the property of their respective owners. 
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Trackable, Phase-Lockable, Current Sharing Monolithic DC/DC Converters 

obtaining a high current output in a compact circuit footprint is easy- thanks to Linearis growing family of high switching 
frequency, synchronous monolithic step-down DC/DC converters. Key features include current mode topologies for excellent 
line and load transient response, spread spectrum operation for low EMI, output currents up to 8A from a single package, 
high conversion efficiency to minimize thermal issues, input tracking for easy supply sequencing and the ability to stack 
multiple converters in parallel for accurate current sharing of up to 84A output current. 



Selected Monolithic Converters 



Part 
Number 


V|N Range 
(V) 


'out 
(A) 


Freq. 
(MHz) 


Package 


Features 


LTC®3412 


2.625 to 5.5 


2.5 


4 


TSS0P-16E/QFN 


VOUT(MIN) = 0-8V 


LTC3413 


2.25 to 5.5 


±3 


2 


TSS0P-16E 


For DDR/QDR 


LTC3414 


2.25 to 5.5 


4 


4 


TSSOP-20E 


VOUT(MIN) = 0-8V 


LTC3416 


2.25 to 5.5 


4 


4 


TSSOP-20E 


Tracking Input 


LTC3415 


2.5 to 5.5 


7 


2 


QFN 


Polyphase®, Stackable 


LTC3418 


2.25 to 5.5 


8 


4 


QFN 


Tracking Input 



Info & Online Store 



www.linearxom 

Literature: 1-800-4-LINEAR 
Support: 408-432-1900 




XT LTQ LTand PolyPhase are registered trademarks and 
ThinSOT, No Rsense and SwitcherCAD are trademarks of 
Linear Technology Corporation. All other trademarks are 
the property of their respective owners. 
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CPLD automatically powers itself off DIs Inside 



Rafael Camarota, Altera Corp, San Jose, CA 



Most of today's CPLDs (com- 
plex programmable-logic de- 
vices) feature reduced-power operating 
modes, but, when the system is not in 
use, a complete shutdown that con- 
serves battery power remains the ulti- 
mate power-reduction goal of many 
designers- Figure 1 shows how you can 
add a few discrete components to a 
CPLD — in this example, an Altera 
EPM570'T1 00 — to implement a bat- 
tery-powered system's power-down cir- 
cuit. An external P-channel MOSFET, 
Qp an International Rectifier (www- 
irf.com) IRLML6302 or equivalent, 
serves as a power-control switch for the 



CPLD, ICp and other components in 
the system. The CPLD and an array of 
switches control the MOSFET's gate, 
applying bias that switches on 
whenever a user presses a switch. The 
CPLD includes an embedded timer 
that monitors switches and system 
activity. After a specified period of inac- 
tivity, the timer disables the MOSFET's 
gate drive, powering down the CPLD 
and other components connected to 
the MOSFET. 

Q^'s source connects to the battery's 
positive terminal, and its drain con- 
nects to IC/s V 



y 



' CC(INT)' 



^cc(ioi)' 



CC(I02) 



power pins and other compo- 



1N914 



->f 



R1 

Ik 

— ♦ 



1N914 



Ik 
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EPM570-T100 



>> 



2X5-HEADER 
PROGRAMMING 
INTERFACE 



TWO AA 
— BATTERIES 
T (3V NOMINAL) 

SWITCHED 
POWER TO OTHER 
COMPONENTS 



V^cP'NS 9, 13, 31, 39, 45, 
59, 63, 80, 88, 94 




ALTUFM_OSC 



4.4-MHz 
POWER-DOWN 



O EN 



JTAG PINS 22, 23, 24, 25 

GROUND PINS 1 0, 1 1 , 32, 37, 46, 60, 
65, 79, 90, 93 

± 

NOTE: S^ AND S2 ARE NORMALLY OPEN — 
PUSHBUTTON SWITCHES. 



Figure 1 A few external components and internal logic blocks enable a CPLD 
circuit to switch itself off after a predetermined interval. 



98 Annplifier removes common- 
mode noise on RGB differential- 
video-transmission line 

1 02 Use a switching-regulator 
controller to generate fast pulses 

1 06 Shift registers and resistors 
deliver multiphase sine waves 

► What are your design problems 
and solutions? Publish them here 
and receive $150! Send your 
Design Ideas to edndesignideas® 
reedbusiness.com. 

nents that require power-down control. 
When power switches off, a l-kH 
puUup resistor, R^, keeps off by 
maintaining its gate at a gate-to-source 
voltage of OV When you turn off ICp 
it presents a leakage path to ground 
through the CPLD's power-down pin. 
The EPM570-T100 includes hot-sock- 
et protection that limits the current 
available from any user-accessible de- 
vice-I/O pin to less than 300 [xA. Thus, 
even in the worst case, the voltage that 
the I/O pin develops across R3 doesn't 
reach the FET's minimum gate-thresh- 
old turn-on voltage of 0.7V. 

Pressing any switch creates a current 
path through the switch's contacts and 
its associated diode, which in turn 
develops approximately 2.3V of gate- 
source bias across R3 — more than 
enough to turn on and to power up 
IC^ in approximately 100 fxsec. When 
you actuate the mechanical switches, 
they exhibit a minimum on-time of at 
least 3 msec, whereas a typical human 
operator's minimum press-and-release 
operation consumes at least 30 msec. 
During these relatively slow response 
times, the CPLD can turn on, resetting 
its internal circuitry and asserting its 
power-down pin to a logic zero that 
turns on before the operator can 
release the switch. 
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In addition to user-specified applica- 
tion logic (not shown), the CPLD's 
power-control logic adds a pair of stan- 
dard parameterized, library-macro cir- 
cuits that Altera's (www.altera.com) 
Quartus II development tools generate. 
An internal 4-4'MHz±25% oscillator, 
Altufm_osc, drives a modulo-44'mil- 
lion LPM (library-parameterized-mod- 
ule) counter. A logic-low signal that 
the CPLD's application logic produces 
or closing any switch resets the count- 
er. When you reset the counter, its 
carry-out signal goes low and drives the 
external power-down pin. An inverted 
version of the carry-out signal re- 
enables the LPM counter once you 
remove the reset. 

If you leave all switches open and the 
application logic becomes inactive, the 
counter counts to 44 million in ap- 
proximately 10 sec, and the internal 
carry-out signal goes high, disabling the 
counter and holding the carry-out sig- 
nal high. In turn, the power-down pin 
rises toward V^^^^, turning off when 
the voltage on the power-down pin 
reaches 2.3V. Removing power from 
the CPLD places the power-down pin 
in the tristate, or disconnected, mode, 
and R3 keeps off. 

You can use JTAG-compliant com- 
mands to configure the EPM570-T100 
with a download cable you connect to 
a manufacturer-defined 10-pin header. 
The process requires that you press an 
external switch before, during, and 
shortly after configuration to ensure that 
the CPLD receives power throughout 
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COLUMN 



POWER- 
DOWN 



Figure 2 A keypad matrix expands the CPLD circuit's control capabilities and 
retains the circuit's automatic power-off function. 



the configuration process. You can set 
the inactivity time-out to any desired 
value by changing the counter's modu- 
lus. Although power, ground, and JTAG 
signals use specific device pins, you can 
assign any general-purpose CPLD I/O 
pins as inputs for switches and as the 
power-down output. 

If your application requires a matrix 
of pushbutton switches, you can use 
only n diodes to configure an nXm 
switch matrix for efficient power-up 
detection (Figure 2). In this example, 
rows of switches connect to the MOS- 
FET's gate through diodes D^ through 



D^. Resistors Rg through R^^ provide a 
ground path for each column of 
switches and carry current only during 
key closures, holding the column inputs 
low while waiting to minimize power- 
supply current drain. 

When a user presses any switch, Q^'s 
gate goes low, turning on the CPLD. A 
fast CPLD-power-up routine allows the 
application to scan the switch matrix's 
rows and columns and determine 
which switch a user pressed before the 
user can release the switch. In this 
application, the row signals reset the 
LPM counter's inactivity timer. EDN 



Amplifier removes common-mode 
noise on RGB differential-video- 
transmission line 

Tamara Papalias and Mike Wong, Intersil Corp 



Ml Comprising four twisted pairs 
within a durable external sheath. 
Category 5 network cable offers a com- 
mon and cost-effective choice for trans- 
mitting component-video signals. 
Three of the pairs can carry RGB video 



signals, and the fourth pair carries 
audio, synchronization, and other 
transmissions. Unfortunately, Catego- 
ry 5 cable lacks shielding, and thus it's 
somewhat vulnerable to common- 
mode coupling that induces equal volt- 



ages in each of the cable's conductors. 
As a first line of defense against com- 
mon-mode problems, you can config- 
ure RGB signals as differential voltages, 
but any voltage difference between the 
ground references of the twisted-pairs' 
drivers and receivers results in a com- 
mon-mode signal on each of the 
received lines. 

Common-mode-noise voltages limit 
transmission quality of video signals. 
This Design Idea shows how you can 
use a single operational amplifier to 
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Digital Power 





Precisely Monitor and Adjust Your Power Supply with Interface 

The LTC®2970 combines an extremely accurate reference, 14-bit AS ADC and 8-bit DACs to monitor and control the output 
voltages of two DC/DC converters. The ADC achieves better than ±0.50% total unadjusted error over temperature. Voltage 
programming, accurate voltage margining and voltage or current measurement functions are at your command over the I^C 
bus. You can even adjust for temperature variations using the internal temperature sensor. 



Features 



14-Bit AS ADC with On-Chip 
Reference 

Less Than ±0.5% Total 
Unadjusted Error Over Temp. 

Dual, 8-Bit DACs 

Automatic Linear Voltage Servo 

PC Bus Interface (SMBus Compatible) 

Extensive, User-Configurable Fault 
Monitoring 

On-Chip Temperature Sensor 
24-Lead 4mm x 5mm OFN Package 
LTC2970: $3.99 each in Ik Oty. 



Functional Block Diagram 




Info & Free Samples 



www.linear.com/2970 

Literature: 1-800-4-LINEAR 
Support: 408-432-1900 




XT LTC and LT are registered trademarks and Hot Swap and 
ThinSOT are trademarks of Linear Technology Corporation. All 
other trademarks are the property of their respective owners. 
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minimize common-mode signals' ef- 
fects on differential-component-video 
receivers- In Figure 1 , the receiver cir- 
cuits' ground terminals (in red) show 
that the ground-reference voltages of 
each of the RGB differential signals 
differ from those present at the driv- 
ers. To maintain signal quality and 
minimize reflections, each video-sig- 
nal twisted-pair transmission line ter- 
minates in lOOH- For example, resis- 
tors and terminate the R+ 
line, and K^^ and R3g terminate the 
R— line. Meanwhile, the G and B 
termination circuits are identical. Any 
common-mode voltage on the R-sig- 
nal pair appears at the junction of R3^ 



and R3g and across K^^. 

To create a common-mode cancel- 
lation voltage, operational amplifier 
IC^ sums and inverts the signals on all 
three or four signal-line pairs. For 
example, adding the R+ and R— sig- 
nals cancels their differential-voltage 
components and doubles the com- 
mon-mode voltage that each line con- 
tributes. Capacitors C^ and C^ provide 
ac coupling for the circuit's input and 
output, respectively. The output from 
IC^ applies a common-mode bias volt- 
age through a matched pair of 30-kn 
resistors, R^^ -^43' to the R+ and 
R— receiver network. Close toler- 
ances for R^2 1^43 ensure that the 
differential 



voltages delivered at 
closely balance with 
respect to the inputs' common-mode 



^OUT+^^^ ^OUT 




DO 



NO — O 



2.2 ixFrtr 

9V 
— O 



10 |jlF 



NO — O 



Figure 1 A connnnon-nnode-cleanup circuit reduces noise pickup on unshielded 
Category 5 differential-video signals. 




Figure 2 The common-mode signal (yellow trace) heavily 
influences the video signal (pink trace). 



Figure 3 Adding the common-mode-reduction circuit in 
Figure 1 significantly reduces the amount of common- 
mode voltage on the video signal. 
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LCR Meters starting at $995 



Measure R, L, C, Q and D 

Up to 0.0 S % basic accuracy 

Kelvin clips, SMT tweezers, BNC adapters 

RS-232, CRIB and Parts Handler interfaces 



LCR meters from SRS provide the best value 
in component testing with up to 0.05 % basic 
accuracy, an easy-to-use interface, and a full 
complement of features and adapters. You 
won't find a better value in any comparable 
product. See for yourself... 





SRS 
5R715 


Quadtech 
1715 


SRS 
SR720 


Agilent 
4325 


Frequency 


10 kHz 


10 kHz 


100kHz 


100kHz 


Accuracy 


0.2% 


0.2% 


0.05% 


0.1 % 


GPIB 


opt. 


opt. 


std. 


std. 


Price 


$995 


$1360 


$1495 


$3850 
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voltage- Capacitors C^^ and C^^ P^O' 
vide equalization to boost the differ- 
ential-video signal's higher frequency 
components- 

Before applying cancellation, the 
signals at the circuit's outputs Rqu^^ 
and R 



would appear as: Rqut+ 



^niFp/^'^^CM' ^OUT- ^DIFp/ 

j^jPP represents the 



' DIFP 

2 + where V 



desired differential signal, and V^j^ 
exists with respect to the circuit's local 
ground. After applying cancellation, 
the output signals appear as: Rqu^^ 



+ Vo,Pp/2+V, 



and R, 



CM 



CMS 

■OUT " diff/^~'~^cm "cms 

where V^^^^g represents the 



DIFF' 



summed and inverted common-mode 
voltage at IC^'s output- 
Figure 2 shows a representative IV 
peak received signal that's on the R+ 
line (yellow trace) and an accompa- 
nying 2V peak common-mode signal 
(pink trace)- Figure 3 shows the 
circuit's common-mode-cancellation 
abilities- Although the differential 
signal (yellow) remains unchanged, 
the common-mode signal (pink) 
exhibits an 80%, H-dB reduction. 
Any mismatch between the time delay 
and the summed analog signal, which 
the passive input network and ICp 
respectively, produce, prevents com- 



plete cancellation. Also, for best per- 
formance, the common-mode signal 
must not exceed IC^'s common-mode 
input- voltage rating. In addition, ICp 
an Intersil ISL55001, must exhibit 
unity-gain stability over a wide band- 
width and an excellent slew-rate re- 
sponse and, for best results, must oper- 
ate at relatively high-power-supply 
voltages for good linearity. Use lO-fiF, 
nonpolarized input- and output-cou- 
pling capacitors to accommodate ex- 
tremely low-frequency common- 
mode voltages. Ensure adequate by- 
passing for IC^'s power-supply termi- 
nals for all frequencies of interest.EDN 



Use a switching-regulator controller 
to generate fast pulses 



Mitchell Lee, Linear Technology Corp 




10 |xF 
6V - 
CERAMIC 




^BACKTERM 

48.7 



Figure 1 Switching-regulator-controller IC^ delivers pulses with 1 .5-nsec rise 
and fall times into a 50H load. 



A source of pulses with fast-ris- 
ing edges that approximate the 
step function can help you perform 
many useful laboratory measure- 
ments, including characterization of 
coaxial cables' rise times and location 
of cable faults using time-domain- 
reflectometry methods. For example, 
evaluating the rise time of a 10- to 20- 
ft-long RG-58/U cable requires edge- 
transition times of 1 to 2 nsec. Agi- 
lent's (www.agilent.com) HP8012B, a 



workhorse pulse generator that finds 
use in many electronics labs, can deliv- 
er pulses with rise times of 5 nsec that 
are adequate for many applications but 
not for cable characterization. 

As an alternative, switching-regu- 
lator-controller ICs can deliver gate- 
drive pulses with rise and fall times of 
less than 2 nsec, making them ideal 
candidates for laboratory pulse-gener- 
ation service. A simple implementa- 
tion uses Linear Technology's (www. 



linear.com) LTC3803 constant-fre- 
quency flyback controller, IC^ (Figure 
1). The controller self-clocks at 200 
kHz, and applying a sample of its out- 
put to its Sense pin causes the con- 
troller to operate at its minimum duty 
cycle and produce a 300-nsec-wide 
output pulse. 

The LTC3803's output can deliver 
more than 180 mA into a 50H load, 
so use a low-series-inductance bypass 
capacitor that connects as directly as 
possible between IC^'s power and 
ground (pins 5 and 2). The decoupling 
components, a lO-fxF ceramic 
capacitor, and R^ a 2000 resistor, 
minimize pulse-top aberrations with- 
out introducing amplitude droop. 
The circuit's output directly drives a 
5 on termination at amplitudes as high 
as 9V. For applications that require 
maximum pulse fidelity, use a back- 
termination resistor, Rbackterm' 
suppress triple-transit echos and 
absorb reflections from the cable and 
any mismatch in the cable's far-end 
termination impedance. Back-termi- 
nation also helps when driving passive 
filters, which expect to see a specific 
generator impedance. The LTC- 
3803's output impedance is ap- 
proximately 1.5H, which affects the 
value of the back-termination resistor. 
The back-termination technique 
(continued on pg 106) 
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Ideal Diode Controller Eliminates Energy Wasting Diodes in Power 

OR-ing Applications - Design Note 386 
David Laude 



Introduction 

Many modern electronic devices need a means to auto- 
matically switch between power sources when prompted 
by the insertion or removal of any source. The LTC®4412 
simplifies PowerPath™ management and control by pro- 
viding a low loss, near ideal diode controller function. Any 
circuit that could otherwise use a diode OR to switch 
between power sources can benefit from the LTC4412. 
The forward voltage drop of an LTC441 2 ideal diode is far 
less than that of a conventional diode, and the reverse 
current leakage can be smaller for the ideal diode as well 
(see Figure 1). The tiny forward voltage drop reduces 
power losses and self-heating, resulting in extended 
battery life. Features include: 

• Voltage drop across the controlled external MOSFET of 
only 20mV (typical) 

• Low component count helps keep overall system cost 
low 

• 6-pin ThinSOT™ package permits a compact design 
solution 
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Ron / 
(VGS LIMITED) / 




ALTC4412 
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VOLTAGE 






(VGS VARIABLE) 


/ SCHOTTKY 






^ DIODE 



0.02 



0.5 



FORWARD VOLTAGE (V) 



Figure 1. LTC4412 Ideal Diode Controller vs 
Schottky Diode Characteristics 



• Wide supply operating range of 2.5V to 28V (36V 
absolute maximum) 

• Protection of MOSFET from excessive gate-to-source 
voltage with VGS limiter 

• Low quiescent current of 11|jA with a 3.6V supply, 
independent of the load current 

• A status pin that can be used to enable an auxiliary 
MOSFETpowerswitchorto indicate toamicrocontroller 
that an auxiliary supply, such as a wall adapter, is 
present 

• A control input pin for external control, such as from a 
microcontroller 

Applications include anything that takes power from two 
or more inputs: 

Cellular phones 

Portable computers 

PDAs 

MP3 players and electronic video and still cameras 
USB peripherals 

Wire-ORed multipowered equipment 

Uninterruptible power supplies for alarm and emer- 
gency systems 

Systems with standby capabilities 

Systems that use load sharing between two or more 
batteries 

Multibattery charging from a single charger 
Logic controlled power switches 

U, LTC and LT are registered trademarks of Linear Technology Corporation. 
PowerPath and ThinSOT are trademarks of Linear Technology Corporation. 
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Automatic Power Switching Between 
Two Power Sources 

Figure 2 illustrates an application circuit for the automatic 
switchover of load between two power sources, in this 
example a wall adapter and a battery. While the wall 
adapter is absent, the LTC441 2 controls the gate of Q1 to 
regulate the voltage drop across the MOSFET to 20mV, 
thus wasting negligible battery power. The STAT pin is an 
open circuit while the battery provides power. When a 
wall adapter or other supply connected to the auxiliary 
input is applied, the SENSE pin voltage rises. As the 
SENSE pin voltage rises above 20mV, the LTC441 2 
pulls the GATE voltage up to turn off the P-channel 
MOSFET. When the voltage on SENSE exceeds V|n + 
20mV, the STAT pin sinks 1 0|liA of current to indicate that 
an AC wall adapter is present. The system is now in the 
reverse turn-off mode, where power to the load is deliv- 
ered through the external diode and no current is drawn 
from the battery. The external diode is used to protect the 
battery against some auxiliary input faults such as a short 
to ground. Note that the external MOSFET is wired so that 
the drain to source diode will reverse bias and not deliver 
currenttothebatterywhenawall adapter input is applied. 

Load Sharing 

Figure 3 shows a dual battery load sharing application 
with automatic switchover of power between the batteries 
and a wall adapter. In this example, the battery with the 
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Figure 2. Automatic Power Switcliing Between 
a Battery and a Wall Adapter 



higher voltage supplies all of the power until it has 
discharged to the voltage of the other battery. Once both 
batteries have the same voltage, they share the load with 
the battery with the higher capacity providing proportion- 
ally higher current to the load. In this way, the batteries 
discharge at a relatively equal rate, maximizing battery run 
time. 

When a wall adapter input is applied, both MOSFETs turn 
off and no load current is drawn from the batteries. The 
LTC4412's STAT pins provide information as to which 
input is supplying the load current. The ganging of the 
LTC441 2s can be applied to as many power inputs as are 
needed. 

Conclusion 

The LTC441 2 provides a simple means to implement a low 
loss ideal diode controller that extends battery life and 
reduces self heating. The low external parts count results 
in low implementation cost and with its ThinSOT 6-pin 
package, a compact design as well. Its versatility is useful 
in a variety of applications (see the LTC441 2 data sheet for 
additional applications). 



WALL 
ADAPTER ■ 
INPUT 



1N5819 



Q1 



BAT1 ■ 



LTC4412 
L-^ViM SENSE 
^ GND GATE 



CTL STAT 



02 



BAT2 



JT 



LTC4412 
Viw SENSE 

GND GATE 

CTL STAT 



1^ 



-TO LOAD 



— |— CoUT 

Vcc 

^ 470k STATUS IS HIGH 

1 WHEN BAT1 IS 

SUPPLYING 
LOAD CURRENT 

WHEN BOTH STATUS LINES ARE 
HIGH, THEN BOTH BAHERIES ARE 
SUPPLYING LOAD CURRENTS. WHEN 
BOTH STATUS LINES ARE LOW, THEN 
WALL ADAPTER IS PRESENT AND 
SUPPLYING FULL LOAD CURRENT 



M70k 



*PARASITIC DRAIN-SOURCE 
Q1,Q2:SILICONIXSi4953DY (800) 



DIODE OF MOSFET 
554-5565 



STATUS IS HIGH 
. WHEN BAT2 IS 
SUPPLYING 
LOAD CURRENT 



Figure 3. Dual Battery Load Sharing with Automatic 
Switcliover of Power from Batteries to Wall Adapter 
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PICO Transformers 
and Inductors 




PICO 



Surface Mount 



Audio Transformers 

Impedance Levels 10 ohms to 250k ohms, 
Power Levels to 3 Watts, Frequency Response 
±3db 20Hz to 250Hz. All units manufactured 
and tested to MIL-PRF-27. QPL Units 
available. 

Power & EMI Inductors 

Ideal for noise, spike and Power Filtering 
Applications in Power Supplies, DC-DC 
Converters and Switching Regulators 

Pulse Transformers 

10 Nanoseconds to 100 Microseconds. ET 
Rating to 150 Volt Microsecond, Manufactured 
and tested to MIL-PRF-21038. 

Multiplex Data Bus 
Pulse Transformers 

Units are electrical equivalents of QPL MIL- 
PRF-21 038/27. Manufactured to MIL-STD- 
1553 Command Response Military Data Bus 
Requirements designed to meet MAC AIR 
SPEC A3818, A5690, A5232 and A4905. 
QPL M21 038/27 units available in plug-in. 

DC-DC Converter 
Transformers 

input voltages of 5V, 12V, 24V And 48V. 
Standard Output Voltages to 300V (Special 
voltages can be supplied). Can be used as self 
saturating or linear switching applications. All 
units manufactured and tested to MIL-PRF-27. 

400Hz/800Hz Power 
Transformers 

0.4 Watts to 150 Watts. Secondary Voltages 5V 
to 300V. Units manufactured to MIL-PRF-27 
Grade 5, Class S (Class V, 155°C available). 



Electronics, Inc. 



143 Sparks Ave. Pelham, NY 10803 • Call Toll Free 800-431-1064 • Fax: 914-738-8225 



Send for free 180 pg PICO Catalog 



See PICO'S full Catalog Immediately on the intemet 



www.picoelectronics. com 

E-nnail: info@picoelectronics.com 
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works well with load impedances of at 
least 2 kfl. At impedances higher 
than that value, parasitic impedances 
associated with the terminating resis- 
tor and IC^ degrade bandwidth and 
pulse fidelity. 
In a back-terminated, 5011 system. 



the circuit delivers a 4-5 V output pulse 
with symmetric rise and fall times of 
1.5 nsec, pulse-top-amplitude aberra- 
tions of less than 10%, and amplitude 
droop of less than 5%. Directly driv- 
ing a 5 on load doesn't degrade the 
output's rise and fall times. For best 



pulse fidelity, use stripline techniques 
to route IC^'s output directly to the 
termination resistor and output con- 
nector J^. Using a 100-mil-wide trace 
on a Vi6'in., double-sided, glass-epoxy 
pc board approximates a 500 surge 
impedance. EDN 



Shift registers and resistors deliver 
multiphase sine waves 

Gary Steinbaugh, 4 E A Transform, Loveland, OH 



Sine waves with fixed phase rela- 
tionships find application in 
communications equipment, instru- 
mentation, and power sources. Al- 
though you can use any of several tra- 
ditional analog techniques to generate 
basic sine-wave signals, this Design Idea 
offers a simple method that uses only 
digital logic and fixed-value resistors 
(Figure la). A common clock pulse 
drives three of four sections of a pair of 
CD4015 4'bit shift registers that recir- 
culate a pattern comprising 12 zeros 
and 12 ones— that is, 00000000000- 
0111111111111. Each of the registers' 
outputs drives a resistor, through R^^j 
that connects to a summing node. If all 
of the resistors were of equal value, their 
summed output would comprise a 
stepped linear triangular waveform at 
a repetition frequency one-twenty- 
fourth that of the clock frequency. 

To produce a stepped sinusoidal out- 
put waveform, you replace the equal- 
value resistors with the weighted val- 
ues in Figure la. If you use resistors of 
1% tolerance, the output's amplitude 
will approximate that of a true sine 
wave to better than 1°. To produce a 
cleaner sine wave, a lowpass filter helps 
remove clock-pulse feedthrough and 
stepped-edge transients (Figure lb). 
For many applications, a simple one- 
pole lowpass filter/buffer provides ade- 
quate filtering, but a more elaborate 
multipole filter further increases output 
purity. 

You can add a second set of registers 
and resistors, R^3 through R^^, to pro- 
duce cosine and sine waves offset by a 



90° phase shift — that is, two sine waves 
in quadrature (Figure 2). Register 
IC^^'s inverted and recirculated output 
from Q4 generates the 0000000000- 



001 1 1 1 1 1 1 1 1 1 1 1 bit pattern that the 
first set of shift registers uses. IC^g's Q4 
output produces the D input that you 
apply to the second set of shift regis- 



ters — IC.^, IC. . , and IC., 



vhich 



turn generate a 90° phase-shifted ver- 
sion of the bit pattern to form a cosine 
wave. The cosine bit pattern requires 
no recirculation and simply propagates 
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(b) 
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Figure 1 A pair of shift registers, an inverter, and a handful of precision resis- 
tors form a sine-wave generator (a). Two operational amplifiers form a resist- 
ance-capacitance lowpass filter that removes clock-signal artifacts from the 
output (b). 
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MAXIM IS HIGH-SPEED 
DATA-CONVERTERS 

Highest Performance, Lowest Power from 1Msps to ISOOMsps 

c20Msps <65Msps <100Msps <250Msps <500Msps <1.5Gsps 



16-Bit 
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• Highest Performance 
O Lowest Power 



Maxim Has Over 100 High-Speed Data Converters. 
Ihlnk Maxim Wlien You Need an ADC, DAC, or AFE. 



Highest Performance 

♦ 16-Bit, SOiVlsps ADC (IVIAXig586) 
with 80dB SNRand 96dBc SFDR 

♦ 12-Bit, 250iVlsps ADC (iVIAX1215) 
with 66.7dB SNR and 73.7dBc SFDR 



Low Power 

♦ Octal, 12-Bit, SOIVIsps ADC (IVIAX1 437) with 
93mW per Channel, 69.6dB SNR, and 92dBc SFDR 

♦ Dual, 10-Blt, leSMsps DAC (IVIAX5854) 
with 186mW at 1$ = 130IVIsps, 74dBc SFDR 



Maxim products are sold subject to compliance withi US Export Administration Regulations and may require a license. 



^ ^ ^ 



>M>JXiyM 

www.maxim-ic.com/HSC 



FREE High-Speed ADCs, DACs, & AFEs Design Guide— fenf Within 24 Hours! 

CALL TOLL FREE 1-800-998-8800 (7:00 a.m.-5:00 p.m. PT) 
For a Design Guide or Free Sample 



1-888-MAXIM-IC 



A[\f\OVA/. 

ARROW ELECTRONICS, INC. 

1-800-777-2776 



— . electronics marketing 
1-800-332-8638 



Distributed by IVIaxim/Dallas Direct!, Arrow, Avrnet Electrornics IVIarketirng, Digi-Key, arnd Newark. 
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Figure 2 Add a second set of shift registers to generate a 
cosine wave. 



through the second set of shift registers and "falls off the end." 
To adjust the second output's phase shift with respect to the first 
output from 15 to 180° in 15° increments, you can connect IC2^'s 
D input to any one of IC^'s Q outputs. 

Figure 3 illustrates a three-phase sine-wave-generator circuit. 
The Q4 output from IC^g supplies the D input to the second set 
of shift registers, IC^^ and IC^g, to produce the recirculated bit 
pattern. In similar fashion, the Q4 output from IC^j^ supplies the 
D input to the third set of shift registers, IC^^, to transfer a dupli- 
cate bit pattern that's phase-shifted by 240° with respect to the 
output from the first set of shift registers. 

Register IC2g's D input connects to IC^g's Q4 output to pro- 
duce a signal — Phase 2's output — that lags behind the Phase 1 
output by 120°. In similar fashion, register IC^^'s D input con- 
nects to IC3^'s Q4 output to produce a signal — Phase 3's out- 
put — that lags behind Phase 2's output by 120°, or 240° with 
respect to Phase 1 . 

You can expand the basic circuit to accommodate addition- 
al signal phases. The weighted resistors' values are adequate for 
low-frequency sine waves and 4000-series CMOS-logic devices. 
However, you can scale the resistors' values to accommodate 
other output frequencies and logic families.EDN 
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Figure 3 Adding a tliird set of shift registers yields a three- 
phase sine-wave output. 
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WORLD'S FIRST INTEGRATED 
MESFET BIAS CONTROLLER 

Dual MESFET Bias Control for Class A and Class AB Amplifiers 




SERIAL 
INTERFACE 
AND 
SRAM 
LOOKUP 
TABLES 



>I/I>1XI>I/I 

MAX11014 
MAX11015* 




♦ Drain-Current Adjustment Independent of 
MEFSET Drain Supply 

♦ SRAM-Based Lookup Tables for 
Temperature and Drain-Current 
Compensation Control 

♦ ±0.1% Current-Sense Amplifier Accuracy 

♦ Low 250nV/VHz Gate-Bias Noise 



♦ ±10mA Gate Drive with Fast Clamp Protection 

♦ Internal Temperature Sensor/Dual Remote- 
Diode Temperature Sensors 

♦ Internal 12-Bit ADC and 12-Bit DAC 

♦ Selectable I^C^-ZSPF^'-Compatible Serial 
Interface 



Part 


Temp Range 
(°C) 


Bias Mode 


Common-Mode, Sense- 
Resistor Voltage Range 
(V) 


Paclcage 


MAX11014BGTM+ 


-40 to +105 


Class A 


0.5 toll 


48-TQFN 


MAX11015BGTM+* 


-40 to +105 


Class AB 


5 to 32 


48-TQFN 



+ = Lead-free 

fPurchase of I^C components from Maxim Integrated Products, Inc., or one of its sublicensed Associated Companies, conveys a license under the Philips I^C Patent Rights to use these 

components in an I^C system, provided that the system conforms to the I^C Standard Specification defined by Philips. 

SPI is a trademark of Motorola, Inc. 

*Future product— contact factory for availability. 
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From the first commercial LED displays to the first 
optical mouse . . . from the first fiber optic transmitters 
and receivers for data communications to the first 
low-cost transmitters and receivers for SERCOS robotic 
technologies: our inventions have been transforming 
the way the world works for quite some time now. 

Avago Technologies is one of the leading global 
suppliers of analog, mixed-signal and optoelectronic 
components and subsystems. We've helped tens of 
thousands of OEMs bring new ideas from the drawing 
board through the distribution channel. Including 
many of the world's top manufacturers. And with more 
than 2,000 patents and patents pending, we've 
invented-and reinvented-more than a few of the 
markets we serve. 



So how come you've never heard of us? Well, you 
have-just not by our new name. We started as the 
semiconductor division of Hewlett-Packard, then 
continued as part of its spinoff, Agilent Technologies. 
Now we've spun off ourselves to become . . . Avago 
Technologies. The largest privately-held independent 
semiconductor company in the world. And quite 
possibly the world's oldest startup. 

Would you like to know more about who we are and 
what we do? Visit us at www.avagotech.com. And 
learn all about how we're inventing the future . . . 
all over again. 

For more information please visit our website 
www.avagotech.com 
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Discrete device provides 
3.2-Gbps Ethernet operation 

Using silicon technology, the DVIULC6'4SC6 allows DVI (digital-visual- 
interface), HDMI (high-definition-multimedia), USB 2.0, and Ethernet inter- 
faces to operate at 3.2 Gbps with 15'kV ESD protection. This application-specific 
discrete device provides rail-to-rail protection with four data lines and the power 
rail in high-speed- interface applications without compromising signal integrity. 
Features include a 0.6'pF typical line capacitance with a l-pF maximum line capac- 
itance in a SOT23^6L package. The DVIULC64SC6 costs 25 cents (2500). 
STMicroelectronics, www.st.com/protection 



MAKE YOUR NEXT 

PCS LAYOUT 
A MASTERPIECE 




Lightning arresters are 
rugged and waterproof 

□ Operating at 12.5 -GHz frequen- 
cies, the gas-discharge-tube-type 
SurgeGuard PTC-Sax-SAF-20 light- 
ning arrester includes SMA connectors. 
Using a nickel-over-brass construction, 
a gold-center conductor, and gold con- 
tacts makes the series rugged and water- 
proof. This PTC series targets 0- to 12.5- 
GHz microwave applications. Measuring 
36.2 X 16.6 mm, the PTC series costs $40. 
NexTec, www.nexteklightning.com 

LVDS buffer 

has ESD protection 

□ Featuring an on-chip termination 
for maximum signal integrity, the 
800-Mbps, quad-LVDS (low- voltage-dif- 
ferential-signaling) DS90LV804 buffer 



has 15 kV of ESD protection. The four- 
channel buffer delivers LVDS signals 
across cables and backplanes in elec- 
tronic systems, suiting it for telecom, dat- 
acom, industrial, medical, automotive, 
and office-imaging applications. Measur- 
ing 5 X5 X 80 mm in an LLP-32 package, 
the DS90LV804 buffer costs $2.95 
(1000). 

National Semiconductor, www. 
national.com 

EMI-filter arrays integrate 
ESD-protection diodes 

□ These EMI-filter arrays incorpo- 
rate ESD-protection diodes, 
attenuating unwanted signals by 30 dB 
over the 900-MHz to 2.3 -GHz frequen- 
cy range, with 30 to 100H line-resistance 
values. The devices come in small, lead- 
less, plastic LLP75-6A, LLP75-7A, LLP- 



PADS® PCB Design Solutions 

What Michelangelo did for the 
Sistine Chapel you can do for 
your layout when you use PADS 
complete PCB design solution. 

If you are striving for 
excellence for an easy to use, 
intuitive solution, PADS gives 
you the freedom and power to 
create, at an affordable price. 
To find out more, download the 

latest technical paper at 
www.mentor.com/rd/padspaper 
or call us at 800.547.3000. 
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70'9A, and flip-chip BGA packages, 
providing two-, three-, four-, and six- 
channel configurations, respectively- 
Additional features include 30-kV ESD 
protection and transient protection for 
data lines- The filter arrays cost 15 to 25 
cents (100,000). 
Vishay Intertechnology, 
www.vishay.com 



Two-line protection 
device meets 
I EC standards 

Targeting ADSL and WAN 
(wide-area-networking) equip- 
ment, the two-line secondary Rclamp 
7002M protection de- 
vice has a 10-pF I/O- 
to-ground capacitance- 
A 1-kW surge capabil- 
ity allows for shielding 
of sensitive circuits in 
central-office or cus- 
tomer-premises equip- 




ment from ESD, CDEs (cable-discharge 
events), EFTs (electrical fast tran- 
sients), or lightning. The device meets 
lEC standards for ESD, EFT, and light- 
ning. Connecting to the V^^^^ and the 
ground to match the system voltage 
within the range, the product has a 33 
to 70V range. The Rclamp7002M costs 
76 cents (10,000). 
Semtech, www.semtech.com 



1 0A relays use low- 
power-consumption coils 

□ The G5 LB and G5 LB- 25 series of 
single-pole, power-pc-board relays 
switch lOA at 120 to 250V ac and 8A 
at 30V dc and can switch digital signals. 
Peripherals include a 360-mW power- 
consumption coil, a 200,000-operation 
electrical life, and a 19.6Xl5.6X 
15. 25 -mm architecture. G5 LB and 
G5 LB- 25 relays cost 45 to 63 cents 
(10,000). 

Omron Electronic Components, 
www.components.omron.com 
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DVD-recorder chip sets 
integrate PVR and 
set-top-box functions 

□ Adding onto the vendor's line of 
DVD-recorder devices, the 
Activa 220 and 230 processors include 
set- top-box functions. The 220 SOC 
(system-on-chip) features a high-speed 
IDE interface providing PVR (personal- 
video-recorder) functions for combina- 
tion hybrid-optical-disk-drive and hard- 
disk-drive recorders. An optional dedi- 
cated interface to the vendor's HD- 
Xtreme video processor for HD-JPEG 
display and HDMI output is also avail- 
able. The 230 processor integrates two 
DVB (digital- video-broadcast) trans- 
port-processor interfaces with free-to-air 
support for dual tuners in addition to the 



220 optical- and hard-disk-drive features. 
The Activa 220 and 230 chip sets cost 
$30 and $35, respectively. 
Zoran Corp, www.zoran.com 

Single-chip microphone 
features a PDM output 

□ Based on CMOS MEMS (micro- 
electromechanical-systems) tech- 
nology, the AKU2000 single-chip micro- 
phone integrates an acoustic transducer, 
an output amplifier, and a fourth-order 
sigma-delta modulator. For output, the 
microphone uses a PDM (pulse-density- 
modulated), single-bit digital-output 
stream insensitive to RFI and EMI. The 
device supports a 1- to 4'MHz input- 
clock frequency, a 2.8 to 3.6V operating 



If faster edge rates and new bus 
technologies are part of your 
next design, you need the right 
tools and they need to be easy 
to use. HyperLynx is the 
industry leading high-speed 
solution that allows you to make 

pre-route design tradeoffs, 
including trace topologies, buffer 
technologies, termination tradeoffs, 
as well as crosstalk, EMC, power, 
and cost tradeoffs - all before 
routing a single net. To find out 

more, download the latest 
hands-on high-speed tutorial from 
www.mentor.com/rd/hxdemo 
or call us at 800.547.3000. 
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Bergquist Thermal Clad ' ^ 
Turns Big Power Modules 
Into Small Powerhouses. 



i 





POWER BOARD ASSEMBLY (ACTUAL) 
(48) FETs (9) Low profile capacitors (5) Low profile bus bars Total Wt 370.6 g 



ORIGINAL 



POWER BOARD ASSEMBLY (ACTUAL) 
(66) Thru-hole FETs (15) High profile capacitors (9) High profile bus bars Total Wt 1543.6 g 



With Thermal Cladf Jungheinrich Forklift Converted All The Power Into Half The Space. 



Bergquist Thermal Solutions let you increase 
power capacity without adding size. 

Jungheinrich, a leading European forklift manufacturer; needed to 
reduce their motor control size and cost while maintaining power 
output levels.Thermal Clad insulated metal substrates (IMS®) allowed 
their engineers to replace high profile thru-hole FETs, capacitors, and 
bus bars with fewer low profile, surface mount 
components.This sleek new design reduced 
package size by over 50%, all without sacrificing a 
single watt of power Thermal Clad's unique 
dielectric coating dissipates heat more efficiently 
than FR-4 or other PCBs - ideal for high 
watt-density applications such as motor control. 




Automated assembly lowers manufacturing costs. 

Cooling with Thermal Clad IMS eliminates the need for heat sinks, 
clips, fans and other discrete components that increase package size 
and require costly manual assembly Now, using surface mount tech- 
nology Jungheinrich was able to automate much of the assembly 
process thus reducing cycle times and long-term manufacturing costs. 
Get your FREE 
Sample Kit. 
To qualify for a FREE 
Thermal Clad Select 
Sample Kit, please 
visit our web site 
or call today 



"We needed to reduce our 
processing cost, it was 
too labor intensive. With 
Thermal Clad we were able 
to automate, dissipate the 
heat better, and reduce 
our size by at least 50%'.' 

Stephan Taube 
Electronic Development Engineer 
of Jungheinrich Forklifts 




Call 1.800.347.4572 orvisit www.bergquistcompany.com/powerlift free select sample Kit 

.THE 
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^ COMPANY ^ 
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range, and TSO-fxA power consumption. 
In power-down mode, the microphone 
consumes 75 [xA when there is no clock 
input to the microphone- Available in a 
4x4-mm footprint, the AKU2000 costs 
$3.87 (1000). 

Akustica, www.akustica.com 



Analog-volume-control IC 
has 5 and 9V options 

□ The CS3318 analog- volume-con- 
trol IC provides a 127-dB dynam- 
ic range, with a 118-dB adjustable range 
and negligible distortion. Supporting eight 
channels of audio, the device operates 
from a 9V power supply. The pin-com- 
patible CS3308 IC is available in a 5V 
version. The CS3318 and CS3308 cost 
$9.22 and $6.97 (10,000), respectively. 
Cirrus Logic Inc, www.cirrus.com 



USB host features 
26-MHz SPI 

Featuring a 26-MHz SPI (serial 
peripheral interface), the MAX- 
342 IE USB host and peripheral con- 
troller add USB-host capabilities to any 
microprocessor. Features include a —40 
to +85°C temperature range, a 5x5- 
mm footprint, and availability in 
TQFP-32 and TQFN-32 packages. 
Maxim Integrated Products, www. 
maxim-ic.com 



Advanced video 
processor supports 
DVR and MPS players 

The Sil 8200 advanced video 
processor features dual video/ 
image-processing pipelines and inte- 
grated DVR (digital- video-recorder) 
and MP3 -player support. The device 
includes a RISC processor, an IDE hard- 
disk controller supporting DVR func- 
tions, MP3/AAC decoders for auto play- 
back, and a JPEG decoder for photo dis- 



play. Additional features include a 
built-in analog- video front end for 12 
channels of standard-definition televi- 
sion with an advanced 3-D comb filter 
for high-quality video. The device also 
has two 24-'bit digital-video-input ports 
supporting 1920X 1080-pixel progressive 
HDTV resolution. The processor han- 
dles 12 composite, S-video, and compo- 
nent-video signals. Key features of the 
RISC microprocessor include a 3 2 -MIPS 
RISC architecture, a programmable 
clock from 600 kHz to 166 MHz, and 14 
kbytes of cache memory. The video- 
processor pipelines feature dual-process- 
ing paths; 3-D motion-adaptive deinter- 
lacing; 3-D motion-adaptive noise 
reduction; advanced scaling with moire 
cancellation; and image processing, 
including DCTI, DLTI, full HSB, and 
contrast controls. The integrated storage 
and mobile-player interfaces include 
acceleration for MP3, AAC, WMA, and 
JPEG decoding; an integrated IDE hard- 
disk-drive controller for DVR functions; 
flash-media direct connection; and a 
USB 1 . 1 interface, enabling MP3 play- 
back and photo display from digital cam- 
eras. Available in a PBGA-388 package, 
the Sil 8200 costs $20 (10,000). 
Silicon Images, www.siliconimages. 
com 



M PEG-video-processor 
family integrates 
conditional access 

The MPEG-video-processor X- 
Code 2100 family of digital/ana- 
log- video processors uses PCI Express xl 
and PCI v2.3 interfaces, allowing com- 
pressed and uncompressed video data 
over the main bus. Series features include 
single- and dual-stream MPEG2/4 Dl 
compression at 30 frames/sec, real-time 
transrating and transcoding, and condi- 
tional access with a Smart Card interface 
for ControlWord exchange. Prices for 
the XCode 2100 family of chips range 
from $14 to $30. 
ViXS Systems, www.vixs.com 



PADS® and HyperLynx® 
Available through Value Added Resellers 

PADS resellers are full-service 
companies that provide sales, 
tech support and customized 
services in your region. These 
resellers are our partners; they 
understand your needs and 
can help you grow your 
business. PADS resellers provide 
solutions that will improve the 
quality of your designs on time 

and within budget. Visit 
www.mentor.com/rd/buypads 
or call us at 800.547.3000 
to find your local reseller. 



^Menlor 
Graphics' 

Copyright 2005 Mentor Graphic Corporation. All Rights Reserved. 
Mentor Graphics is a registered trademark of Mentor Graphics Corporation. 

All other company and/or product names are the trademarks and/or 
_ registered trademarks of their respective owners. 
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You design it. 

ell connect it 
to the world. 




Put the power of the Web in your products. 

Imagine providing tlie ability to access, 
control, even diagnose and repair your products 
from virtually anywhere ... at any time over a 
network or the Internet. 

XPort™ and WiPort™ device servers enable you 
to quickly build Ethernet or 802.11b connectivity 
into your designs. With a robust 
operating system, built-in Web 
server and full TCP/IP stack, 
XPort and WiPort have 
everything you need 
to bring your products 




to market 
with lightning 
speed. And they're 

secure. Both have 256-bit AES Rijndael encryption. 
WiPort features 128-bit WEP and WPA security. 

Lantronix provides the networking expertise, 
so it's easier than you may think. WiPort is 
even FCC-certified, so you don't need separate 
certification. Best of all, design changes are 
usually minimal or unnecessary. 

Call or visit our Web site to get a 
Development Kit and put the power of the Web 
in your products. 

^ Visit 

I www.lantronix.com 

I for your free Device 

I Networl<ing white paper. 



LANT^IX* 

Network anything. Network everything.™ 



© Lantronix, 2005. Lantronix is a registered trademark, and XPort and WiPort are trademarl<s of Lantronix, Inc. WWW.lailtrOlliX.COIII I 8OO.526.8764 
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Need to build 
a C compiler 
or assembler? 

You can create efficient program- 
ming tools quickly using Archelon's 
User Retargetable Development 
Tools. Or we can help you with the 
work to get the job done faster. 

Want to know more? 

See http://www.archelon.com 
or call us at (800)387-5670 




ROfUDN 



Instant LCD 




ezLCD-002 - $189 

Versatile Programmable Module 

• Serial/l'C/USB/Parallel Interface 

• AVR/BASIC Stamp/VB Compatible 

• Onboard Flash Bitmap Memory 
• Downloadable TTF Fonts 
2.7" or 5.6" TOUCH Color TFT LCD 
• 240x160 or 320x240 resolutions 

• Transflective w/ LED Frontlight (2.7") 

• Transmlssive w/ 350 nit backlight (5.6") 
• 512 colors or 65,535 colors 



Earth 



This 

and current products. 



COM We Make IUojdJs Work 



MORE THAN A BOX! 




USB CANbus I2C RS232/485 GPS 



www.PelicanOEM.com 

Log on or call 800.473.5422 to re- 
ceive a free OEM Solutions Kit. It 
includes foam samples, CAD files, 
and all the information you need to 
learn how you can install and pro- 
tect your equipment in a Pelican 
Protector^M Case. 





6"x 2.3" C/C++ programmable. 
• 100 IVI Basel, High performance 
hardware TCP/IP. USB 
• PC compatible FAT file system and mass data storage, 16-bit ADCs. 



50+ Low Cost Controllers with ADC, DAC, UARTs, 300 l/Os, 
solenoid, relays, CompactFlash, LCD, Ethernet, USB, motion 
control. Custom board design. Save time and money. 



TP DM Tel: 530 

-1. J— (X\.l\ www.ter 

INC. sales@tern.com 



1724 Picasso Ave., Suite A 
Davis, CA 95616 USA 

758-0180 • Fax:530-758-0181 

www.tern.com 



USB to |2c 
for PC's 





r 



NEW! UCA93LV - bus-powered\ 
USB I2C interface - great for laptops! I 
400kHz bus monitoring / addr. filtering! I 
Also: PCI93LV - PCIbus version I2C 
master/slave/bus-monitor. $499.00 



All in one! 



CleverScope - 100 MHz 

I Scope, SpectrAnal, LogicAnal, & SigGen. 
for PCs. 4 Msamples storage! Easy A-B, 
I math! 2 x 10 bit ch, 8 dig. I/P. Opt. 0-10 | 
MHz SigGen.H- math + filters. 
CS328 only $999! 



Saellg Company Inc. 

p: 888-7-SAELIG 
www.saelig.com 



{^htnck Connection... 

PCB Production, 
Assembly, 
Turnkey 



Prototype - Production 



D/S PCB ~ 120 per in^ 
4-L PCB - 200 per in^ 

10 days Delivery w/solder Mask 
NRE not included 
UL Approved 



MYLYDIA INC. 

1-800-Mylydia 
sales@mylydia.com 

www.mylydia.com 



Complete Ultras 
Ranging Sen 



^J J^ Just Add 
Power!! 




Same Sensor Invented by Polaroid to Focus Cameras! 
Electrostatic Transducer and Drive Module in One 
Complete Package! 

Non-Contact Ranging and Measurement from 6" to over 40'! 
Perfect Sensor for Non-Contact Measurements, Liquid or 
Bulk Level Sensing, Proximity Sensing, Robot Guidance 
We Sell Complete Ranging Kits and Components 



Plione 734-953-4783 
Fax 734-953-4518 
www.senscomp.com 





Internet Modem 




YOUR 

product! 



PC or i^^rSy 

machineI^HTinternet j 



Diagnostic/Alarm/Monitoring 

• Send/Receive data via email or hosted web page 

• Uses no CPU/software overhead with existing designs 
•SMTP/P0P3 enabled 

• PC compatible email 

• Send messages on alarm condition 

• Internet transfer to voice/data/fax using low cost ISP 

• Operates independent of your system application CPU 

• 2400 to 56k bps data transfer, unlimited messages 

• Evaluation kits available from $159.95 

www.cermetek.com 

Tel: 800-882-6271 
Sunnyvale, CA USA 



To advertise in Product Mart, call call Judy Keseherg at 800-417-5370 
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RELEASE//21, EMULATION 
TECHNOLOGY'S NEW CATALOG 

ET's new easy to use, full-line catalog provides 
engineers and test managers the means to quickly 
solve problems and get back on track. The cat- 
alog compliments ET's online store, providing 
engineers with the solutions they need. 
Order your copy: 
www.emulation.com/02 1 
DESIGN. CONNECT DELIVER. 
Emulation Technology, Inc. 
2344 Walsh Avenue 
Building F, Santa Clara, CA 95051 
1-800-232-7837 
www. emulation, com 
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VOICE OF THE ENGINEER 



literature 
link 



"The engineering 
professionars link to 
teclinical literature" 



ENCLOSURE TIPS HANDBOOK 

Bud Industries' 28-page handbook is a handy 
reference for experienced engineers and a 
tutorial for engineers who are new to enclo- 
sures. It covers important issues of enclosure 
design and application: cooling, intercon- 
nects, finishes, typical dimensions, standards, 
and more. Request your free copy today. 
Bud Industries 
Tel: (440) 946-3200 
www.budind. com/6 




FREE WASHER CATALOG! 

Boker's FREE, 56-page 2006 Catalog has over 
20,000 non-standard sizes available with no tool 
charges. Outside diameters of 0.080" to 5.140", a 
wide range of IDs, thicknesses, and 2,000 mate- 
rial variations provide millions of possibilities. 
Materials include low carbon steel sheet, five 
types of spring steel, stainless steel, aluminum, 
brass, copper, nickel silver and non-metallics. 
— FAST DELIVERY — 
BOKER'S,INC. 
ISO 9001:2000 Registered 
TOLL-FREE: 888-927-4377 
FAX: 800-321-3462 
www.bokers.com sales@bokers.com 



WASHER 



BAHERIES SHORT FORM 
CATALOG WITH TECHNICAL 
DATA ON CD-ROM 

Panasonic's broad line of battery sizes and chem- 
istries is condensed for review in this new 1 6-page, 
4-color catalog with technical data and compa- 
ny overview on enclosed CD-ROM. Batteries 
covered include NiCd, NiMH, Lithium, Li-ion, 
VRLA and Alkaline. Easy-to-use tables give 
technical specifications for model numbers. 

Toll Free: 1-877-726-2228 

oembatteries@us.panasonic.com 

www.panasonic.com/batteries 
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Panasonic 
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SINGLE BOARD COMPUTERS 

PC/104-Pius, EPIC, and EBX embedded com- 
puters feature processors from 586 to Pentium 
M. Ideal for OEM applications. Benefits include 
extended temperature operation, industrial I/O, 
5 -year product availability guarantee and 
outstanding warranties. Voted a "Platinum" 
embedded board vendor (VDC surveys, 
2002-2005). Request a Free 2005/2006 catalog. 

VersaLogic Corp. 

Toll-free: (800) 824-3163 
E-mail: info@VersaLogic.com 
Web site: www.VersaLogic.com 



^ VERSAlXXilC 

^S>- ' ^CORPORATION 




MILL-MAX'S DESIGN GUIDE 
NOW AVAILABLE ON CD ROM 




Mill-Max, is the leading US manufacturer of 
precision-machined interconnect components. 
CD includes our most up-to-date: 


iACTORT, , 

rouR ' . 1 .^SSr. 

VIDEO ^ ^ ncnKOMMKT ! 


• Catalog PDF Pages 




• New Product Information 


^, c ^ .Q. 1 


• Plant Tour 


j ' ''''''' 


• Links to our Website 




Visit www.mill-max.com/respond 




Response Code: EDN555 
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SOUND AND VIBRATION TOOLKIT 

Easily handle audio measurements, fractional- 
octave analysis, sound and vibration displays and 
much more with the National Instruments Lab- 
VIEW Sound and Vibration Toolkit. Combined 
with the industry-standard Lab VIEW develop- 
ment environment, this toolkit has one of the 
most comprehensive lists of sound and vibration 
application tools. Learn more at ni.com/info and 
enter eb6r4r 
National Instruments 
Tel: (800) 433-3488 (U.S. and Canada) 
(512) 683-0100 Fax: (512) 683-9300 
info@ni.com 
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DESIGN GUIDE FOR OPTICAL 
ENCODERS 

This Guide provides a comprehensive summary 
of optical encoders, accessories and interface 
electronics. Included are design examples, 
absolute and incremental encoders, shafted and 
hollow-shaft styles as well as serial output versions. 
Special sections include hazardous environments. 
Call 1-800'ENCODER or visit our web site at 
www.beiied.com. 




NEWTHYRISTOR DEVICE DATABOOK 

Central's 2006 Thyristor Databook features 

SCRs and TRIACs in leaded and SMD packages. 

This databook includes an extensive cross 

reference, selection guide, detailed datasheets 

and package specifications. Also featured is 

Central 's new Extended Range of SMD Thyristors. 

To order your free copy visit: 

www.centralsemi.com/catalog. 

Central Semiconductor Corp. 

145 Adams Avenue 

Hauppauge, New York 11788 USA 

631.435.1110 Fax: 631.435.1824 

Email: salesinquiry@centralsemi.com 

Web: www.centralsemi.com 




AC POWER DISTRIBUTION 
& CONTROL SYSTEMS 

Product is rack or strip mounted with: 
Circuit Breaker Protection, EMI/RFI Filtering, 
Spike/Surge Protection, Remote Power 
On/Off, Remote Reboot, Emergency Shutdown, 
Redundant Power, Sequential Power Up/Down 
and power regulation Agency systems. ISO 
9001:2000 Certified. 

Pulizzi Engineering, Inc. 

3200 S. Susan St., Santa Ana, CA 92704-6839 
Sales: 605^334-8999 or 800-870-2248 
Fax: 605-334-2611 E-mail: sales@pulizzi.com 
Web Site: http://www.pulizzi.com 




SURGE PROTECTION 

• COAXIAL Surge Suppressors for PCS, 
GPS, RF Equipment 

•AC Protector UL1449 

• DC/DATA Line Protectors 

• Surge Arrester Gas Tubes 
•Voltage from 75V To 2500V 

• Available in Surface Mount 

CITEL, Inc. 

800-248-3548 FAX: 305-621-0766 
www.citelprotection.com 
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realitycheck 



YESTERDAY'S HYPE MEETS TODAY'S REALITY 




STATS 



Audio player tackled search all by itself 

At the 2001 Windows Hardware Engineering Conference, Voyetra Turtle Beach unveiled the Audiotron digital- 
J audio network appliance. In some respects, the Audiotron is woefully obsolete compared with today's digital 
media adapters. It doesn't drive an external display instead relying on a small, built-in LCD. It doesn't support subscrip- 
tion WMA (Windows Media Audio) content or other modern audio codecs, such as AAC (advanced audio coding)-either 
with or without the DRM (digital-rights-management) technology that Apple's iTunes uses. It doesn't support playback of 
still-image or video content, and it lacks built-in Wi-Fi capability and wired Ethernet support beyond 1 Mbps (although 
early versions d/d support the Home Phoneline Network Alliance). 

However, the Audiotron has one ultracool feature. In part because it runs a full Linux operating system, it can proac- 
tively search for, find, index, and pull content from any other LAN- or-with a firewall hole-WAN-connected storage 
device that supports the pervasive SMB (server-message-block) protocol. You don't need to restrict your audio-content- 
storage options, and, therefore, your audio-content options, by relying on a Mac- or Windows-only server program. 
Instead, you can stream audio that resides on a diverse set of SMB-cognizant LAN clients, such as Macs, Windows PCs, 
Linux-server appliances, and a variety of NAS (network-attached-storage) boxes-all without installing any server-side 
software on each machine. That's slick.-by Brian Dipert 
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Scalable, cost-effective 
solution for complex 
PCB designs 

Producing customized reports is just 
one of the many tasks made easy 
with OrCAD® PCB Designer. Here are 
some others: 

•Adding or customizing drill 
tolerances, symbols, and characters 

• Routing power and ground to split 
power planes 

• Quickly creating the fanout for 
dense, high-pin-count devices 

• Placing critical components to 
optimize logical connections 

OrCAD PCB Designer suites offer a 
complete front-to-back PCB design 
solution based on powerful technology: 

• OrCAD Capture® schematic entry 

• OrCAD PCB Editor place-and-route 
(based on Cadence® Allegro® 
technology) 

• SPECCTRA® for OrCAD autorouter 
(based on Cadence Allegro 
technology) 

You can further enhance productivity 
by adding optional PSpice® A/D for 
circuit simulation or by adding OrCAD 
Signal Explorer (based on Cadence 
Allegro technology) for signal integrity 
and topology exploration. 

We've assembled some of your most 
common PCB design issues into a 
booklet, the OrCAD PCB Designer 
Solutions Guide. Get your FREE 
copy today! 



Visit us at 
www. ema-eda. com/PCBDesignerGuide 
or call us at 800.813.7288 
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PSoC-based / 
Capacitive Touch Sensing / 





Simple. Flexible. Integrated. CapSense. Capacitive 
sensing replaces mechanical buttons, switches, touchpads, 
sliders, and proximity detectors in systems from cell phones 
and cars to notebook PCs, white goods and industrial appli- 
cations. Immune to environmental wear-and-tear. Cypress's 
cost-effective CapSense solution leverages the flexibility 
of our configurable PSoC® mixed-signal array and brings 
elegance, economy and functionality to your designs. 



SPEC 



Cypress's CapSense solution in teg rotes multiple 
buttons/sliders/ touchpods on o single chip, 
using no external resistors or capacitors 



Flexible implementation vs. hard-coded ASICs 
or fixed-function modules 

Easy serial communications with fC, SPI and 
USB interfaces 

Easy-to-use PSoC tools provide system-level 
embedded design w/f/i quick time-to-market 



FOR MORE INFORMATION 

For a free online or face-to-face seminar 

with PSoC CapSense experts, visit 
www.cypress.com/touch 



CYPRESS CAPSENSE CIRCUIT DIAGRAM I 



PSoC^ Mixed -Signal Array 




PSoC® CapSense implementation v/ith two buttons and a slider 
using a single PSoC device. 



Device 


Resources 


Available Package 


CY8C21x34 


8KB Flash, 512 B RAM, PC, SPI 


16-SOIC, 20-SSOP, 
28-SSOP, 5x5 mm 32-MLF 


CY8C24x94 


16KB Flash, 1 KB RAM, 
PC, Full-speed USB, SPI 


8x8 mm 56-MLF 
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